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TOSHIBA 


1. Dynamic RAM 


Capacity 

Type N& 

Organi¬ 

zation 

Access Time, Max(ns) 

Cycle Time 
Min.(ns) 

Process 

Power Dissipatiort, Max^mW) 

Pins 

Operating 

Mode 

•rac 

•CAC 

Active 

Standby 

256K Bit 

TMM41256P/T-12 

262,144X1 

120 

60 

220 

NMOS 

330 

28 

16/18 

Page 

TMM41256P/T-15 

150 

75 

260 

275 

•TMM41256AP/AT/AZ-10 

262.144X1 

100 

50 

190 

NMOS 

440 

28 

16/18/16 

Page 

*TM M41256AP/AT/A2-12 

120 

60 

220 

396 

•TM M41256AP/AT/AZ-15 

150 

75 

260 

358 

TMM41257P/T-12 

262,144X1 

120 

60 

220 

NMOS 

385 

28 

16/18 

Nibble 

TMM41257P/T-15 

150 

75 

260 

330 

•TMM41257AP/AT/A2-10 


100 

50 

190 

NMOS 

440 

28 

16/18/16 

Nibble 

•TMM41257AP/AT/AZ-12 

262,144X1 

120 

60 

220 

396 

•TM M41257AP/AT/A2-15 

150 

75 

260 

358 

TMM41464P-12 

65.536X4 

120 

60 

220 

NMOS 

385 

28 

18 

Page 

TMM41464P-15 

150 

75 

260 

330 

1M Bit 

TC511000P/J/Z-85 


85 

25 

165 

CMOS 

385 

5.5 

18/26/20 

Fast 

Page 

TC511000P/J/Z-10 

1,048,576X1 

100 

25 

190 

330 

TC511000P/J/Z-12 

120 

30 

220 

275 

TC511001P/J/2-85 


85 

30 

165 

CMOS 

385 

5.5 

18/26/20 

Nibble 

TC511001P/J/Z-10 

1,048.576X1 

100 

35 

190 

330 

TC511001P/J/Z-12 


120 

40 

220 

275 

TC511002P/J/Z-85 


85 

25 

165 

CMOS 

385 

D 

18/26/20 

Static 

Column 

TC511002P/J/Z-10 

1,048.576X1 

100 

25 

190 

330 

MMEmsmm 


120 

30 

220 

275 

TC514256P/J/Z-85 

262,144X4 

85 

30 

165 


413 

5.5 

20/26/20 

Fast 

Page 

TC514256P/J/Z-10 

100 

30 

190 

358 

TC514256P/J/Z-12 

120 

35 

220 

303 


TC514258P/J/Z-85 


85 

30 

165 

Hi 

413 





TC514258P/J/Z-10 

262,144X4 

100 

30 

190 


358 

5.5 

20/26/20 

Static 

Column 


TC514258P/J/Z-12 


120 

35 

220 

nm 

303 





NOTE PACKAGE TYPE P: PLASTIC DIP T: PLCC J: SOJ Z: ZIP 


•NEW PRODUCT 


2. Dynamic RAM HYBRID MODULE 


Capacity 

Type Na 

Organh 

Access Time, Max(ns) 

Cycle Time 

Dram 

Power Dissipation, Max^mW) 

Pins 

Module 

zation 

•rac 

*CAC 

Min.(ns) 

Units 

Active 

Standby 


•THM81000S-10 

1,048,576X8 

100 

25 

190 

TC511000J 

2,640 

44 

30 

SIMM 

8M Bit 

•THM81000S-12 

120 

30 

220 

2,200 

•THM81000L-10 

1,048,576X8 

100 

25 

190 

TC511000J 

2,640 

44 

30 

SIP 


•THM81000L-12 

120 

30 

220 

2,200 


•THM91000S-10 

1,048,576X9 

100 

25 

190 

TC511000J 

2,970 

49.5 

30 

SIMM 

SM Bit 

•THM91000S-12 

120 

30 

220 

2,475 

•THM91000L-10 

1,048.576X9 

100 

25 

190 

TC511000J 

2,970 

49.5 


SIP 


•THM91000L-12 

120 

30 

220 

2,475 

30 


1 

























































































































































































TOSHIBA 


3. STANDARD APPLICATION Static RAM 




TMM2015BP-90 


TMM2015BP-10 


TMM2015BP-12 


TMM2015BP-15 


TMM2016 BP-90 


TMM2016BP-10 


TMM2016BP-12 


TMM2016BP-15 


TC5517CP/CF-15 


TC5517CP/CF-20 


TC5517CPL/CFL-15 


TC5517CPLyCFL-20 


TC5518CP/CF-15 


TC5518CP/CF-20 


TC5518CPL/CFL-15 


TC5518CPL/CFL-20 


TMM2063P-10 


TMM2063P-12 


TMM2063P-15 


TMM2064P-10 


TMM2064P-12 


TMM2064P-15 


TC5563APL-10 


TC5563APU-12 


TC5563APL-15 


TC5563APL-10L 


TC5563APL-12L 


TC5S63APL-15L 


TCS565APL/AFL-10 


TC5565APL/AFL-12 


TC5565APL/AFL-15 


TC5565APL/AFL-10L 


TC5565APL/AFL-12L 


TC5565APL/AFL-15L 


•TC5564APL/AFL-12 


*TC5565APUAFP-15 


TC55257P-10 


TC55257P-12 



•TC55257AP/AF-10 


•TC55257AP/AF-12 


*TC55257APL/AFL-10 


•TC55257APUAFL-12 


I Power Dissipation Max.(mW) [ 

Active 

Standby 

275 

27.5 

275 

27.5 

27.5 

0.165 

0.005 

27.5 

0.165 

0.005 

440 

55 

440 

55 

27,5 

0.55 

0.165 

27.5 

0.55 

0.165 

27.5 

0.005 

27.5 

5.5 

0.55 


5.5 


0.55 


PacKageWidlh 



PSEUDO-STATIC RAM 





2 






























































































































































































TOSHIBA 


4. HIGH SPEED Static RAM 


Capacity 

Type No. 

Organi- 

Access Time 

Cycle Time 

Process 

Power Dissipation Max.(mW) 

Pins 

Package Width 

zation 

Max.{ns) 

Min.(ns) 

Active 

Standby 

(inch) 


*TMM2018AD/AP-25 


25 

25 


660 





‘TMM2018AD/AP-35 

2.048X8 

35 

35 

NMOS 

550 

110 

24 

0.3 


•TMM2018AD/AP-45 


45 

45 


440 





‘TMM2068AD/AP-25 


25 

25 


660 




16K Bit 

*TMM2068AD/AP-35 

4,096X4 

35 

35 

NMOS 

550 

110 

20 

0.3 


*TMM2068AD/AP-45 


45 

45 


440 





-TMM2078AD-25 


25 

25 


660 





•TMM2078AD-35 

4,096X4 

35 

35 

NMOS 

550 

110 

22 

0.3 


*TMM2078AD-45 


45 

45 


440 





‘TMM2088P-35 


35 

35 






64K Bit 

•TMM2088P-45 

8,192X8 

45 

45 

NMOS 

660 

55 

28 

0.3 


nMM20a8P-55 


55 

55 







•TMM2089C-35 


35 

35 






72K Bit 

•TMM2089C-45 

8.192X9 

45 

45 

NMOS 

660 

55 

28 

0.3 


*TMM2089C-55 


55 

55 







TC5561P-55 

65,536X1 

55 

55 

CMOS 

550 

0.55 

22 



TC5561P-70 

70 

70 

0.3 


TC5562P-45 

65,536X1 

45 

45 

CMOS 

550 

11 

22 

64K Bit 

TC5562P-55 

55 

55 


*TC55416P-35 

16.384X4 

35 

35 

CMOS 

440 

55 

22 

CO 

d 


•TC55416P-45 

45 

45 

330 


‘TC55417P-35 

16,384X4 

35 

35 

CMOS 

440 

55 

24 

0.3 


•TC55417P-45 

45 

45 

330 


NOTE: PACKAGE MATERIAL 


0: CEROIP 


C: CERAMIC DIP P: PLASTIC DIP 


‘NEW PRODUCT 










































































































































TOSHIBA 


5. EPROM 


Capacity 

Type Na 

Organi- 
'zation 
& Process 

Access Time 
Max.(ns) 

Cycle Time 
Mia(ns) 

Power Supply 
(V) 

Temperature 
Range CC) 

Power Dissipation Max(mW) 


Programming 

Algorithm 

Active 

Standby 

64KBIt 

TMM2764AD-15 

8.192X8 

NMOS 

150 

150 

5V±5% 

0~70 

525 

158 

28 

1 or It 

TMM2764AD-20 

200 

200 

TMM2764ADI-15 

150 

150 

-40~85 

630 

184 

TMM2764ADI-20 

200 

200 

TMM2764AD-150 

150 

150 

5V±10% 

0~70 

660 

193 

TMM2764AD-200 

200 

200 

128KBit 

TMM27128AD-15 

16,384X8 

NMOS 

150 

150 

5V±5% 

0~70 

525 

158 

28 

lor II 

TMM27128AD-20 

200 

200 

TMM27128ADI-15 

150 

150 

-40-85 

630 

184 

TMM27128ADI-20 

200 

200 

TMM27128AD-150 

150 

150 

5V±10% 

0~70 

660 

193 

TMM27128AD-200 

200 

200 

256K Bit 

TMM27256AD-15 

32,768X8 

NMOS 

150 

150 

5V±5% 

0-70 

525 

158 

28 

lor II 

TMM27256AD-20 

200 

200 

TMM27256ADI-15 

150 

150 

-40-85 

630 

184 

TMM27256ADI-20 

200 

200 

TMM27256AD-150 

150 

150 

5V±10% 

0-70 

660 

193 

TMM27256AO-200 

200 

200 

TC57256D-20 

32,768X8 

CMOS 

200 

200 

5V±5% 

21.0 

158 

0.525 

28 

1 or II 

TC57256D-25 

250 

250 

•TC57256AD-15 

150 

150 

5V±5% 

12.5 

•TC57256AD-20 

200 

200 

512KBIt 

TMM27512D-20 

65,536X8 

NMOS 

200 

200 

5V±5% 

0-70 

630 

184 

28 

lor II 

TMM27512D-25 

250 

250 

TMM27512DI-20 

200 

200 

-40-85 

683 

210 

TMM27S1201-25 

250 

250 

TMM27512D-200 

200 

200 

5V±10% 

0-70 

715 

220 

TMM27S12D-250 

250 

250 

1M Bit 

•TC571000D-1S 

131,072X8 

CMOS 

_ 

150 

150 

5V±5% 

_ 1 

-40-85 

158 

0.525 

32 

■ 

•TCS71000D-20 

200 

200 

•TC571001D-15 

150 

150 

‘TC571001D-20 

200 

200 


NOTE PACKAGE MATERIAL 


D: CERDIP 


'NEW PRODUCT 



























































































































































TOSHIBA 


6. ONETIME PROM 


Capacity 

Type Na 

Organ!- 
-zation 
& Process 

Access Time 
Max.(ns) 

Cyde Time 
Min.(n$) 

Power Supply 
(V) 

Temperature 
Range (*C) 

Power Dissipation Max(mW) 


Programming 

Algorithm 

Active 

Standby 

64KBit 

TMM2464AP/AF 

8,192X8 

■NMOS 

200 

200 

5V+5% 

-40~85‘C 

525 

158 

m 

lord 

128KBil 

TMM24128AP/AF 

16,384X8 

NMOS 

200 

200 

5V+5% 

-40~85'C 

525 

158 

28 

lor II 

256K Bit 

TMM242S6AP/AF 

32,768X8 

NMOS 

200 

200 

5V+5% 

-40~85‘C 

525 

158 

28 

lorn 

•TC54256AP/AF 

32,768X8 

CMOS 

200 

200 

5V±5% 

158 

0.525 

m 

lorn 

512KBit 

TMM24512P/F 

65,536X8 

NMOS 

250 

250 

5V±5% 

-40~85'C 

630 

184 


1 or 11 


NOTE PACKAGE TYPE P: PLASTIC DIP F; FLAT PACKAGE (SOP) 


•NEW PRODUCT 


7. Mask ROM 


Capacity 

Type Na 

Organ!- 

Access Time 

Cycle Time 


Power Dissipation Max(mW) 

Pins 

zation 

Max^ns) 

Mla(ns) 


Active 

Standby 

256K Bit 

TC53257P/F 

32,768X8 

200 

200 

CMOS 

138 

0.11 

28 

1M Bit 

TC531000AP/AF 

131,072X8 

200 

200 

CMOS 

138 

0.11 

28 

2M Bit 

TC532000P 

282,144X8 

200 

200 

CMOS 

220 

0.11 

32 

4M Bit 

•TC534000P 

524,288X8 

250 

250 

CMOS 

220 

0.11 

32 


NOTE PACKAGE TYPE P; PLASTIC DIP F; FLAT PACKAGE ‘NEW PRODUCT 


5 











































































































TOSHIBA 


1. 256K Bit Dynamic RAM 


Organization 

256KX1 (page mode) 

256KX1 (nibble mode) 

64KX4 (page mode) 

TOSHIBA 

TMM41256AP/AT/AZ 

TMM41257AP/AT/AZ 

TMM41464AP/AT/AZ 

Fujitsu 

MB81256 

MB81257 

MB81464 

Hitachi 

HM50256 

HM50257 

HM50464 

Mitsubishi 

M5M4256 

M5M4257 

M5M4464 

NEC 

/iPD41256 

mPD41257 

/1PD41464 

Oki 

MSM41256 

MSM41257 

MSM41464 

Tl 

TMS4256 

TMS4257 

TMS4464 


2. 1MX1 Dynamic RAM 


Organization 

1MBX1 (Fast page mode) 

1MBX1 (Nibble mode) 

1MBX1 (Static column mode) 

SUPPLIER 

PART# 1 

PROCESS 

PART# 1 

PROCESS 

PART# 1 

PROCESS 

TOSHIBA 

TC511000 

CMOS 

TC511001 

CMOS 

TC511002 

CMOS 

FUJITSU 

MB81C1000 

CMOS 

MB81C1001 

CMOS 

MB81C1002 

CMOS 

HITACHI 

HM511000 

CMOS 

HM511001 

CMOS 

HM511002 

CMOS 

MITSUBISHI 

M5M4C1000 

CMOS 

M5M4C1001 

CMOS 

M5M4C1002 

CMOS 

NEC 

/1PD421000 

CMOS 

HPD421001 

CMOS 

fiPD421002 

CMOS 

Tl 

TMS4C1024 

CMOS 

TMS4C1025 

CMOS 

TMS4C1027 

CMOS 

AT&T 

M411024PP 

CMOS 

- 

M411024PK 

CMOS 

NMB 

AAA1M101 

CMOS 

AAAI Ml 02 

CMOS 

AAA1M100 

CMOS 

SAMSUNG 

KM41C1000 

CMOS 

KM41C1001 

CMOS 

KM41C1002 

CMOS 


3. 2S6KX4 Dynamic RAM 


Organization 

256KX4 (Fast page mode) 

256KX4 (Static column mode) 

SUPPLIER 

PART# 1 

PROCESS 

PART# 1 

PROCESS 

TOSHIBA 

TC514256 

CMOS 

TC514258 

CMOS 

FUJITSU 

MB81C4256 

CMOS 

- 

HITACHI 

HM514256 

CMOS 

HM514258 

CMOS 

MITSUBISHI 

M5M44C256 

CMOS 

M5M44C258 

CMOS 

NEC 

MPD424256 

CMOS 

|nPD424258 

CMOS 

Tl 

TMS44C256 

CMOS 

TMS44C257 

CMOS 

SHARP 

LH64257 

CMOS 

LH64256 

CMOS 


4. DRAM HYBRID MODULE 


ORGANIZATION 

1MX8 

1MX9 

TOSHIBA 

THM81000S/L 

THM91000S/L 

HITACHI 

HB56A18 

HB56A19 

MITSUBISHI 


MH1M09J 


6 













































































































TOSHIBA 


5. 16K Bit Static RAM 
1) NMOS 


Organization 

2KX8 1 4KX4 

Package Width 

0.6 inch 

0.3 inch 

TOSHIBA 

TMM2016BP 

TMM2015BP 

TMM2018AD/AP 

TMM2068AD/AP 

Fujitsu 

MB8128 



MB8168 

Hitachi 

HM6116 

HM6116AS 


HM6168 

Inmos 




IMS1420/1421 

Mitsubishi 

M58725 



M5M2168 

Motoroia 

MCM6116 


MCM2016H/18 

MCM6168 

NEC 

/iPD4016 

/1PD4016CX 



Oki 

MSM2128 




AMD 


AM9128 

■AM9128 

AM2168 


2) CMOS 


Organization 

I 2KX8 I 

TOSHIBA 

TC5517CP/CF 

TC5518CP/CF 

Fujitsu 

MB8416 

MB8417/8418 

Hitachi 

HM6116 

HM6117 

NEC 

mPD446 

mPD449 

Oki 

MSM5128 

MSM5129 

Mitsubishi 

M5M5117 

M5M5116/5118 

Sharp 

LH5117 

LH5118 


6. 64K/72K Bit Static RAM 


Organization 

8KX8 1 8KX9 

64KX1 

NMOS/CMOS 

NMOS 1 CMOS 1 NMOS 

CMOS 

Package Width 

0.3 Inch 

0.6 inch 

0.3 inch 

0.3 inch 

TOSHIBA 

TMM2063P 

TMM2064P 

TC5564AP/AF 

TC5565APiyAFL 

TC5563AP 

TMM2088P 

TMM2089C 

TC5562P 

Fujitsu 


MB8464 


MB8464 


MB81C78 

MB81C79 

HB81C71A 

Hitachi 

HM6264AS 

HM6264 


HM6264 

HM6264ASP 



HM6287 

Mitsubishi 



M5M5164 

M5M5165 


M5M5178 

M5M5179 

M5M5187 

NEC 



fiPD4464 

/ZPD4364 




mPD4361 

Oki 


MSM5165 

MSM5164 

MSM5165 





Inmos 








IMS1600/1 

Motorola 






MCM6164 


MCM6287 

IDT 




IDT7164 




IDT7187 


7. 256K Bit Static RAM/Pseudo Static RAM 


Organization 

1 32KX8 I 

TYPE 

SRAM 

PSRAM 

NMOS/CMOS 

CMOS 

CMOS 

Package Width 

0.6 inch 

0.6 inch 

TOSHIBA 

TC55257 

TC51832 P/PL 

Fujitsu 

HB84256 


Hitachi 

HM62256 

HM65256 

Mitsubishi 

M5M5256 


NEC 

mPD43256 

fiPD42832 

Sony 

CXK58256 


SMOS 

SRM20256 


Sharp 

LH52256 

LH62258 


7 


























































































TOSHIBA 


8. 64K/128K Bit NMOS EPROM/OTP 


Organization 

8KX8 

16KX8 

EPROM/OTP 

EPROM 

OTP 

EPROM 

OTP 

Pins 

28 

28 

28 

28 

TOSHIBA 

TMM2764AD 

TMM2464AP/AF 

TMM27128AD 

TMM24128AP/AF 

AMD 

Am2764A 


Am27128A 


Fujitsu 

MBM2764 


MBM2712BA 


Hitachi 

HN482764 

HN482764 

HM4827128G 

HN4827128 

Intel 

i2764A 

P2764A 

127128A 

P27128A 

Mitsubishi 

M5L2764K 

M5M2764P 

M5L27128K 

M5M27128P 

Mostek 





Motorola 

- 




NEC 

>iPD2764 

/1PD2764C 

;iPD27128 

HPD27128C 

Oki 

MSM2764 


MSM27218 


Tl 

TMS2764 





9. 256K/512K/1 MBIT EPROM/OTP 


Organization 

32KXa 

64KX8 

128KX8 

EPROM/OTP 

EPROM 

OTP 

EPROM 1 OTP 

EPROM 


NMOS 

CMOS 

NMOS 

CMOS 

NMOS 

CMOS 

TOSHIBA 

TMM27256AD 

TC572S6D 

TC57256AD 

rMM24256AP/AF 

TC542S6AP/AF 

TMM27512D 

TMM24512P/F 

TC571000D 

TC571001D 

AMD 

Am27256 

AM27C256 



Am27512 




Fujitsu 

MBM27256 

MBM27C256 



- 

- 

MBM27C1000 

MBM27C1001 

Hitachi 

HN27256G 

HN27C256G 

HN4827256P 


HN27512G 


HN27C101 

HN27C301 

Intel 

127256 

1270256 

P27256A 

P27C256 

127512 

P27512 

27010 

- 

Mitsubishi 

M5L27256K 

M5M27C256 

M5M27256P 

M5M27C256P 

M5L27512 


M5M27C100 

M5M27C101 

NEC 

HPD27256 


JIPD27256C 

HPD27256C 


- 

,iPD27C100 

/1PD27C101 

Oki 

MSM27256 

MSM27C256 



MSM27512 


MSM271000 


NSC 

- 

NMC27C256 

- 


NMC27C512 


NMC27C1023 


Tl 

- 

TMS27C256 



TMS27C512 





10. 256K/1MB1T/2MBIT/4MBITMROM 


Organization 

32KX8 

128KX8 

256KX8 

512KX8 


CMOS 

CMOS 



TOSHIBA 

TC53257P/F 

TC531000AP/AF 

TC532000P 

TC534000P 

Tl 

TMS47C256 

TMS47C1024 



Fujitsu 

MB83256 

MB831124 

MBB32000 


Hitachi 

HN613256P 

HN62301 

HN62302 


Motorola 

MCM65256A 




Mitsubishi 

- 

M5M23C100 

- 

M5M23C400 

NEC 

^PD23C256 

fiPD23C1000 

/1PD23C2000 


Oki 

MSM53256 

MSM531000 



RCA 

CDM53256 
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TQSHIBA 


MEMORY SELECTION GUIDE (1) — ACCESS TIME VS. CAPACITY. 


•Preliminary 






TC57256-25 

TMM27512-2S 

TMM27S12-2S0 

TMM24512 

TC571D00/1-25 


TC534000 

TC5517C-20 

TC5518C-20 

TMM2754A-20 

TMM2764A-200 

TMM2464A 


TMM27128A-20 

TM27128A-200 

TMM24128A 

TC57256A-20 

TMM27256A-20 

TMM27256A-200 

TC57256-20 

TMM242S6A 

TC542S6A 

TC53257 

TMIyl27512-20 
TMM27512-200 

TC571000/1-20 

rC532000 


TMM2015B-12/15 

TMM2016B-12/15 

TC5517C-15 

TC5518C-15 

TMM2063-12/15 

TMM2064-12/15 

TC5563A-12/15 

TC5564A-12/15 

TC5565A-12/15 

TMM2764A-15 

TMM2764A-150 


TMM27128A-15 

TMM27128A-150 

TMM41256-12/t5 

TMM412S7*12/t5 

TMM41464-12/t5 

TMM41256A-12/I5 

TMM412S7A-12/1S 

TC55257-12 

TC55257A-12 

TC51832-12 

TMM27256A'15 

TlytM27256A-150 


TC511000-12 

TC51100M2 

TC511002-12 

TC514258-12 

TC514258-12 

TC53tOOOA 



TMU2Q15B-90/10 

TMM2Q16B-gO/10 

TMM2Q63-10 

TMM2064-10 

TMM2064-70 

TC5563A-10 

TC5565A-10 

TC5561*55/70 



TMM4I256A-10 

TMM412S7A-10 

TC55257-85/10 

TC55257A-85/10 

TC51832-85/10 


TC511000-85/10 

TC511001-85/10 

TC511002-B5/10 

TC514256-85/10 

TC514258-85/10 



TWM2018A-25/35/45 

TMM2068A-25/35/45 

TMM2078A-25/35/45 

TMM2088-35/45/55 

TC5562-45/55 

TC55416-35/45/55 

TC55417-35/45/55 

TMM2089-35/45/55 








16KBil 64KBil 72K Bil 128KBit 256KBit 512KBit IM Bit 2M Bit 4MBit 
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TOSHIBA 


MEMORY SELECTION GUIDE (2) - TYPE OF MEMORY VS. CAPACITY 


'Preliminary 


Memory 

Type 

Memory Capacity 

16K Bit 

64 K Bit 

72K Bit 

128K Bit 

256KBit 

512K Bit 

1M Bit 

2M Bit 

4M Bit 

RAM 

NMOS Dynamic RAM 





TMM41256P/T 

TMM41257P/T 

TMM41464P 

TMM41256AP/AT/AZ 

TMM41257AP/AT/AZ 





CMOS Dynamic RAM 







TCSllOOOP/^ 

TCSIIOOIP/O'Z 

TC511002P/a^ 

7C514256P/a^ 

TC514258P/a^ 



NMOS Static RAM 

TMM2Q15BP 

TMM2016BP 

TMM2018AD/AP 

TMM2068A0/AP 

TMM2078AD 

TMM2063P 

TMM2064P 

TMM2088P 

TMM2089C/P 







CMOS Static RAM 

TC5517CP/CF 

TC5518CP/CF 

TC5564APUFL 

TC5563APL 

TC5565APL/AFL 

TC5561P 

TC5562P 

TC55416P 

TC55417P 



TC55257P 

■rC55257AP/AF 

TC51832P/PL 





ROM 

NMOS EPROM 


TMM2764AD/AD[ 


TMM27128AD/ADI 

TMM27256AD/ADI 

TMM27512D/DI 




CMOS EPROM 





TC57256D/AD 


TC571000/1D 



CMOS Mask ROM 





TC53257P/F 


TC531000AP/AF 

TC532000P 

TC534000P 

NMOS OTP 


TMM2464AP/AF 


TMM24128AP/Af 

TMM24256AP/AF 

TMM24512P/F 




CMOS OTP 





TC54256AP/AF 
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TOSHIBA 


\ 


MEMORY SELECTION GUIDE (3) - WORD BY BIT 


Word 

1 

4 

8 

9 

2K 



TMM20I5BP TC5517CP/CF 

TMM2016BP TC5518CP/CF 

TMM2018AO 

TMM20I8AP 


4K 


TMM2068AD/AP 

TMM2Q78AO 



8K 



TMM2063P TMM2464AP/AF 

TMM2064P TMM2764A0/ADI 

TC5564APUAFL 

TC5563APL 

TC5565APL/AFL 

TMM208eP 

TMM2089C/P 

16K 


TC55416P 

TC55417P 

TMM24t28AP/AF 

TMM27128A0/ADI 


32K 



TC55257P TMM27256AD/AD1 

TC55257AP/AF TC53257P/F 

TC51832P/PL T572560/AD 

TC54256AP/AF 

TMM24256AP/AF 


64 K 

TC5561P 

TC5562P 

TMM41464P 

TMM245I2P/F 

TMM275120/DI 


128K 



TC531000AP/AF 

TC57t 000/10 


256K 

TMM41256P/T 

TMM4t257P/T 

TMM41256AP/AT/AZ 

TMM41257AP/AT/AZ 

TC5t4256P/J/Z 

TC514258P/J/Z 

TC532000P 


512K 



TC534000P 


1M 

TC511000P/J/Z 

TC51100tP/J/Z 

TC511002P/J/Z 


THM81000S/L 

THMgtOOOS/L 
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TOSHIBA 


MEMORY SELECTION GUIDE (4) — HIGH DENSITY PACKAGE 


PACKAGE 

PLCC 

SOJ 

ZIP 

SIP/SIMM 

SOG 

PIN 

fS 

26/20 

t6 

20/t9 

30 

24 

23 



TMM41256T 


TMM4I2S6A2 






256K 

TMM4t25n 

TMM41256AT 

TMM41257AT 


TMM41257AZ 





Dynamic 



TC511000J 


TCSffOOOZ 




RAM 



TC5I1001J 


TCSItOOlZ 





1M 


TC511002J 


TC5H0l)2Z 







TCSt4256J 


TC5(4256Z 







TC5I4258J 


IC5(4258Z 










THM8t000S/L 

THMOtOOOS/L 




Q 






TC55f7Cf 

TC5518CF 


static 

RAM 

D 







TC5564AFL 

TC5565AFL 









TC55257AF 

Mask 








TC53257F 

ROM 








TC53I000AF 









TMM24e4AF 


1^1 







TMM24t23AF 

OTP 

D 







TMM242S6AF 

TC54256AF 









TMM24!t2F 
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TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 28/32 PIN DEVICES 


TOSHIBA 


5t 

m 

MROM 

TC534000 

■ 

m 





■ 

□ 



' 

■ 

■ 



' 

5t 

CM m 

MROM 

TC532000 

■ 

■ 

iB 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

r- CD 

MROM 

TC531001 








IS 








EPROM 

TC571001 


‘ 

r 






iD 

< 








TC571000 

m 


oz 





IS 








MROM 

TC531000 







H 








512K 

BIT 

OTP 

TMM24512 
















EPROM 

TMM27512 

















><< <<:<lo<bQQQOo 



512K 

BIT 

EPROM 

TMM27512 
















OTP 

TMM24512 
















1M 

BIT 

MROM 

TC531000 
















EPROM 

TC571000 

laai 















TC571001 

■m 















MROM 

TC531001 

mm 















2t 

CM OQ 

MROM 

TC532000 


















2t 

CD 

MROM 

TC534000 



, , 








u 




LJ 
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TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 24/28 PIN DEVICES 


TOSHIBA 


1M 

BIT 

MROM 

TC531000 

■ 

1 

1 

1 

■ 

1 

m 

1 

1 

■ 

■ 

■ 

■ 

■ 

512K 

BIT 

OTP 

TMM27512 
















EPROM 

TMM24512 
















256K 

BIT 

MROM 

TC53257 
















OTP 

TC54256/TMM24256 
















EPROM 

TC57256/TMM27256 















CRAM 

TC55257 


< 

c_ 






[UJ 

lo 






128K 

BIT 

OTP 

TMM24128A 



‘ 













ERPOM 

TMM27128A 


li 

■^ < < < 


2 Im s (D m (0 1 

^ lo Q Q Q Q D 1 

72 K 
BIT 

H.S. SRAM 

TMM2089 

1 

1^ 8 <“ 1 


Ai2 

1/09 

1/08 

1/07 

1/06- 

1/05 

64 K 

BIT 

CRAM 

TC5564/65 


HiS 





mm 






SRAM 

TMM2063/64/88 


■m 





■a 






OTP 

TMM2464A 


□ 














EPROM 

TMM2764A 

■ 

9 

5 o 


< 









16K 

BIT 

CRAM 

TC5517 





‘ IS 

— 






TC5516/18 




c 

f IS 

Hi 






H.S. SRAM 

TMM2018 











SRAM 

TMM2015/16 




WE 

OE 

■■ 






1 

1 

Oeo 

:>< <U 0< O O DO QQ 

m 

3(1)Vw^24)26 

4(2) (23)25 

5(3) (22)24 

6(4) (21)23 

7(5) (20)22 

8(6) (19)21 

9(7) (18)20 

10(8) (17)19 

11(9) (16)18 

12(10) (15)17 

13(11) (14)16 

14(12) (13)15 


^ <’<<■? C?DQ 1 

16K 

BIT 

SRAM 

TMM2015/16 














H.S. SRAM 

TMM2018 














CRAM 

TC5516/18 














TC5517 














64 K 

BIT 

EPROM 

TMM2764A 

mm 













OTP 

TMM2464A 


' j 














SRAM 

TMM2063/64/88 

O 

z 














CRAM 

TC5564/65 




:_ 






' 


' 

r 



72 K 
BIT 

H.S. SRAM 

TMM2089C 


? 

> c 
C < 

D 

< 

f) 

c < 

? 4 

0 

N 

C * 

t • 

? 

D 

3 C 

J C 

> c 

0 ' 

3 < 

3 


128K 

BIT 

EPROM 

TMM27128A 



OTP 

TMM24128A 
















256K 

BIT 

CRAM 

TC55257 















EPROM 

TC57256/TMM27256 

D. 

0. 

> 





■n 


~1 







OTP 

TC54256/TMM24256 


L_ 














MROM 

TC53257 

O 

Z 














512K 

BIT 

EPROM 

TMM27512 

lO 

< 














OTP 

TMM24512 
















1M 

BIT 

MROM 

TC531000 

' 

> 

' 

r 

' 



' 

' 


' 

f 

r 

r 
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TOSHIBA MOS MEMORY PROOUCT 

262,144 WORD X 1 BIT DYNAMIC RAM TMM41256P/T-12 

N-CHANNEL SILICON GATE MOS 


TMM41256P/T-15 


DESCRIPTION 

The TMM41256P/T is the new generation dynamic 
RAM organized 262,144 words by 1 bit, it is successor 
to the industry standard TMM41 64AP. 

The TMM41256P/T utilizes TOSHIBA'S N-channel 
Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, 
both internally and to the system user. 

Multiplexed address inputs permit the TMM- 


41256P/T to be packaged in a standard 16 pin plastic 
DIP and 18 pin plastic leaded chip carrier. The 
package size provides high system tut densities and is 
compatible with widely available automated testing 
and insertion equipment. 

System oriented features include single power 
supply of 5V ±10% tolerance, direct interfacing 
capability with high performance logic families such 
as Schottky TTL. 


FEATURES 


• 262,144 words by 1 bit organization 

• Fast access time and cycle time 


DEVICE 

tRAC 

tCAC 

tRC 

TMM41256P/r-12 

120 ns 

60 ns 

220 ns 

TMM41 25r)P 'T-l E 

150 ns 

75 ns 

260 ns 


• Single power supply of 5V ±10% with a built-in 
Vbb generator 

• Low Power: 


330mW Operating (MAX.) (TMM41256P/T-1 2) 
275mW Operating (MAX.) (TMM41 256P/T-1 5) 
28mW Stand by (MAX.) 

PIN CONNECTION (TOP VIEW) 


• Plastic LCC • Plastic DIP 

Vss 
CAS 
Doui 
A6 
A3 
A4 
A5 
A7 


PIN NAMES 

Aq ~ Ag 

Address Inputs 

CAS 

Column Address Strobe 

D|N 

Data In 

Dqut 

Data Out 

RAS 

Row Address Strobe 

WRITE 

Read/Write Input 

Ycc 

Power (+5V) 

Yss 

Ground 


CAS [ 17 
V„[18| 
A8t 1 
D„t 2 


3 4 5 6 7 

uuaa cT- 

IpJ CO (J O CN 

'5 < 2 < < 

iCC cc 


■ 11 ] A5 
10]A7 
9 3 Vcc 
8 ] A1 


A8[ 1 

[ 2 

WRITE [ 3 
RAS [ 4 
A0[ 5 
A2[ 6 
A1 [ 7 
VccC 8 


• Output unlatched at cycle end allows two-dimen¬ 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write, RAS-only refresh. Hidden 
refresh, and Page Mode capability. 

• All inputs and output TTL compatible 

• 256 refresh cycles/4ms 

• Package 

Plastic DIP : 1MM41256P 

Plastic Leaded Chip Carrier ; TMM41256T 


BLOCK DIAGRAM 


-oVss 
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I iVIIVI41 ZDOP/ 1-1 Z 

TMM41256P/T-15 


ABSOLUTE MAXIMUM MATIGS 


ITEM 

SYMBOL 

RATING 

UNITS • 

NOTES 

Input and Output Voltage 

V|N. VoUT 

-1 ~7 

V 

_ 

Power Supply Voltage 

Vcc 

-1 ~7 

V 


Operating Temperature 

Tqpr 

0~70 

°C 

1 

Storage Temperature 

Tstg 

-55 ~ 150 

“C 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

°C • sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

buT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITDONS (Ta = 0 ~ yO^C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNITS 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

. .2 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

bci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS Cycling: tpc ~ Irc VIIN.) 

IMM41256P M2 

- 

60 

mA 

3,4 

TMM41256P T-15 

- 

50 


STANDBY CURRENT 






ICC2 

Power Supply Standby Current 
(RAS = CAS = V|H) 


— 

5 

mA 


ICC3 

REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS = V|h : tpc “ Irc MIN.) 

TMM41256P 1-12 

- 

45 

mA 

3 

TMM41256P T-15 

- 

40 

ICC4 

PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 
(RAS = V|L, CAS Cycling : tpc = tpc MIN.) 

TMM41256P T-12 


45 

mA 

3,4 

TMM41256P M5 


40 


INPUT LEAKAGE CURRENT 






l|(L) 

Input Leakage Current, any input (OV ^ V|n ^ 6.5V, 

All Other Pins Not Under Test = OV) 

-10 

10 

ma 


•oil) 

OUTPUT LEAKAGE CURRENT 
(OouT is disabled, OV ^ Vqut ^ +5.5V) 

-10 

10 

iuA 


Vqh 

OUTPUT LEVEL 

Output "H" Level Voltage (louT “ —5mA) 

2.4 

- 

V 


Vql 

OUTPUT LEVEL 

Output "L" Level Voltage (louT ~ 4.2mA) 

- 

0.4 

V 
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TMM41256P/T-12 

TMM41256P/T-15 

ELECTRIAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Va:== 5V±10%, Ta--0-70C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TMM41256P'T-12 

TlylM41256P T-15 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tHC 

RandoFTi Read or Write Cycle Time 

220 

- 

260 

-- 

ns 


tnwc: 

Read-Write Cycle Time 

240 

- 

285 

- 

ns 


tUMW 

Read-Modify-Write Cycle Time 

260 


310 


ns 


tfC 

Page Mode Cycle Time 

120 


145 

“ .j 

ns 


tPRWC 

Page Mode Read-Write Cycle Time 

140 

— 

170 

- 

ns 


tPRMW 

Page Mode Read-Modify-Wnte Cycle Time 

160 

- 

195 

- 

ns 


tKAC 

Access Time from RAS 

- 

120 

- 

150 

ns 

8,10 

tCAC 

Access Time from CAS 

- 

60 

- 

75 

ns 

9,10 

tOF F 

Output Buffer Turn-Off Delay 

0 

35 

0 

40 

ns 

1 1 

tl 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

6 

tRP 

RAS Precharge Time 

90 

- 

100 

- 

ns 



RAS Pulse Width 

120 

10,000 

150 

10,000 

ns 




60 

- 

75 

- 

ns 


tCSH 

CAS Hold Time 


- 


- 

IS 


tCAS 

CAS Pulse Width 

60 

10,000 

75 

10,000 




RAS to CAS Delay Time 

25 

60 

25 

75 


13 

tCRP 

CA^to RAS Precharge Time 

10 

- 

10 

- 

MW 



CAS Precharge Time 

25 

- 

25 

- 

ns 





- 

60 

- 

ns 




0 

- 

0 




tRAH 

Row Address Hold Time 

15 

- 

15 





Column Address Set-Up Time 

0 

- 

0 




tCAH 

Column Address Hold Time 

25 

- 

30 




tAR 

Column Address Hold Time 

Reference to RAS 

95 

- 

120 


ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


tRCF-l 

Read Command Hold Time 

Reference to CAS 

0 

- 

0 

- 

ns 

12 

tRRF^ 

Read Command Hold Time 

Reference to RAS 

15 

- 

20 

- 

ns 

12 

tWCF^ 

Write Command Hold Time 

35 

- 

45 

- 



tWCR 

Write Command Hold Time 

Reference to RAS 

95 

- 

120 

- 

wm 


tWP 

Write Command Pulse Width 

35 

- 

45 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

35 

- 

45 

- 

ns 


tcwi 

Write Command to CAS Lead Time 

35 

- 

45 

- 

ns 


tos 

Data-In Set-Up Time 

0 

- 

0 

- 

ns 

14 

tOH 

Data-In Hold Time 

35 

- 

45 

- 

ns 

14 

tOHR 

Data-In Hold Time 

Reference to RAS 

95 

- 

120 

- 

ns 


tRFF 

Refresh Period 

— 

4 

- 

4 

ms 


twcs 

Write Command Set-Up Time 

-10 

- 

-10 

- 

ns 

mm 

tCWD 

CAS to WRITE Delay 

40 

- 

50 

- 

ns 


tRWD 

RAS to WRITE Delay 

100 

- 

125 

' - 

ns 

15 
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TMM41256P/T-12 
TMM41256P/T-15 


CAPACITANCE 

(Vcc = 5V ±10%, f = 1MHz, Ta = 0 ~ 70°C) 


1 SYMBOL j 

parameter” ' 

MIN. 

... ^ . 

MAX. 

.1.UNITS 1 

[. .^'1. 

Input Capacitance (Aq ~ Ag, D|m) 

1 _ 

1 .. 


5 

. 

i ^12 ; 

Input Capacitance (RAS, CAS, WRITE) 

; 


7 

. 1 . 

i. ....fo __ ..j _ 

Output Capacitance (Douj) 

, 

,.J 

7 

i pF j 


NOTES: 

1, Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vss. 

3- Icci. 'CC3. ICC4 depend on cycle rate, 

Icci. lcC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200^Jls is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6. AC measurements assume tj = 5 ns. 

7. V|H (min.) and Vn (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be¬ 
tween V|H and V|L. 

8 Assumes that tpcD ^ Ircd (max.). If tpco is greater than the maximum recommended value shown in this table, tpAC will 
increase by the amount that tpco exceeds the value shown. 

9. Assumes that tpcD ^ ^RCD (^3^-) 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11 • lOFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Either Irch or tRRH must be satisfied for a read cycle. 

13. Operation within the tpco (max.) limit insures that tRAC (max.) can be met. tRco (max.) is specified as a reference point 
only: If tRco's greater than the specified tRCD (max.) limit, then access time is controlled exclusively by tcAC. 

14. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify-write cycles. 

15. twcs> ICWD and Irwd not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only. If twcs = IWCS (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; If tcwD = fcwD (min.) and tRwo = Irwd (min.), the cycle is a read-write cycle or read-modify- 
write cycle and the data out will contain data read from the selected cell: If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

TIMING WAVEFORMS 






TMM41256P/T-1 2 

TMM41256P/T-15 


• WRITE CYCLE (EARLY WRITE) 



• READ-WRITE/READ MODIFY-WRITE CYCLE 



• “RAS-ONLY" REFRESH CYCLE 


VlH — ■ 
V|L — 


ADDRESSES 






If 


ROW ADDRESS 


K. 


W//////////////////7J77m7, 


Ddut 

VOL- 


———— OPEN 
Nott: CAS " V|H> WRITE • Don't c»r*. Aq - Don’t 
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IIVIIVI41 25bP/T-T2 

TMM41256P/T-15 

• HIDDEN REFRESH CYCLE 



















• PAGE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE 


TMM41256P/T-12 

TMM41256P/T-15 



^3 Don I care 
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APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 
262,144 cell locations within the TMM41256P/T are 
multiplexed onto the 9 address inputs and latched 
into the on-chip address latches by externally applying 
two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (HAS), 
latches the 9 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 9 column address bits into 
the chip. Each of these signals, RAS and CAS, 
triggers a sequence of events which are controlled 
by different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurrence of a 
delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address 
Hold Time specification (tRAH) has been satisfied 
and the address inputs have been changed from Row 
address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In (D|n) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the D|n is strobed by CAS and the 
set-up and hold times are referenced to CAS. If 
the input data is not available at CAS time or if it 
is desire d that the cycle be a read-write cycle, the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are re¬ 
ference^ to the negative edge of WRITE rather 
tha n CAS. (To illustrate this feature, D|n is referenced 
to WRITE in the timing diagrams depicting the 
read-write and page mode write cycles while the 
"early write" cycle diagram shows D|n referenced 
toC^). 

Data is retrieved from the memory in a read 


cycle by maintaining WRITE in the inactive or high 
state throughout the portion of the memory cycle 
in which CAS is active (low). Data read from the 
selected cell will be available at the output within 
the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) 
of the TMM41256P/T is the high impe dance (open 
circuit) state. This is to say, anytime CAS is at a 
high level, the Dqut P'n will be floating. The only 
time the output will turn on and contain either a 
logic 0 or logic 1 is at access time during a read cycle. 
Dout will remain valid from access time until CAS 
is taken back to the inactive (high level) condition. 
PAGE MODE 

The "Page-Mode" feature of the TMM41256P/T 
allows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This 
is done by strobing the row address into the chip and 
maintaining the RAS signal at a logic 0 throughout 
all successive memory cycles in which the row address 
is common. This "Page Mode" of operation will 
not dissipate the power associated with the negative 
going edge of RAS. Also, the time required for 
strobing in a new row address is eliminated, thereby 
decreasing the access and cycle times. 

REFRESH 

Refresh of the dynamic cell matrix isaccomplished 
by performing a memory cycle at each of the 256 
row address (Ao ~ A?) within each 4 millisecond 
time interval. Although any normal memory cycle 
will perform the refresh operation, this funciton is 
most easily accomplished with "RAS - only" cycles, 
RAS only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Icc3 specification. 

HIDDEN REFRESH 

An optional feature of the TMM41256P/T is that 
refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refresh. Hidden Refresh is performed by 
holding CAS at V|l and taking RAS high and after 
a spe cified precharge period (tpp), executing a 
"RAS - only" refresh cycle, but with CAS held low 
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Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without noitce, to change said circuitry. 

©May, 1986 Toshiba Corporation 


A-12 



TOSHIBA MOS MEMORY PROOUCT 

TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

DESCRIPTION 

The TMM41256AP/AT/AZ is the K-channel dynanic RAM organized 262,144 words by 1 bit. 
Multiplexed address inputs permit the TMM41256AP/AT/AZ to be packaged in a standard 16 
pin plastic DIP, 18 pin PLCC and 16 pin ZIP. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equip¬ 
ment. The double layered MOS technology with polycide and poly Si permits the TMM41256AP/ 
AT/AZ high speed operation. Also, the advanced circuit techniques have'realized low power 
dissipation. System oriented features include single power supply of 5VilO% tolerance, 
direct interfacing capa bility with high performance logic families such, as schottky TTL. 

In addition to the RAS only refresh mode, a CAS before PvAS automatic refresh is available. 
Another special feature of TMM41256AP/AT/AZ is page mode, allovring the user to access at 
a high data rate. 


FEATURES 


• 262,144 words by 1 bit organization 

• Fast access time and cycle time 



TMM41256AP/AT/AZ-10/-12/-15 

BAS Access Time 

100ns/120ns/150ns 

CAS Access Time 

50ns/ 60ns/ 75ns 

Cycle Time 

190ns/220ns/260ns 


• Single power supply of 5V±10% with a built- 
in Vbb generator 

• Low Power: 

440ml.' MAX. Operating (TMM41256AP/AT/AZ-10) 
38.'3mW I'L\X. Operating (TMM41256AP/AT/AZ-12) 
3.30nL MAX. Operating (TMM41256AP/AT/AZ-15) 
28mVJ MAX. Standby 


Output unlatched at cycle end allows 
two-dimensional chip selection 
Common I/O capability using "EARLY 

IJRITE" operation _ 

Read-Modify-Hrite, CAS before RAS 
refresh, RAS-only refresh. Hidden 
refresh, and Page Mode capability 
All inputs and output TTL compatible 
256 refresh cycles/4ms 
Package 

Plastic DIP : TIEI41256AP 

Plastic Leaded Chip Carrier: TM1'141256AT 
Plastic ZIP : Tl-ai41256AZ 


PIN CONNECTION (TOP VIEW) 


SLOCK DIAGRAM 


• Plastic LCC • Plastic ZIP 



Plastic DIP 



PIN NAMES 


AO AS 

Address Inputs 


Column Address Strobe 

Din 

Data In 

DoUT 

Data Out 

RA^ 

Row Address Strobe 

\^^RITE 

Read/Write Input 

vcc 

Power (+5V) 

vss 

Ground 
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TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 


ABSOLUTE MAXIMUM RATINGS 



ITEM 

SYMBOL 

RATING 

Input and Output Voltage 

ViN, VoUT 


Power Supply Voltage 

Vcc 


Operating Temperature 

topr 

0 '\.70 

Storage Temperature 

tstg 

-55 '^^150 

Soldering Temperature • Time 

tsolder 

260 • 10 

Power Dissipation 

pd 

600 

Short Circuit Output Current 

I OUT 

50 


I 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

Vcc 

Supply Voltage 

VIH 

Input High Voltage 

ViL 

Input Low Voltage 


UNITS 


V 


V 


c 


c 


’C • sec 


mW 


mA 



DC ELECTRICAL CHARACTERISTICS (Vcc =5V±10%, Ta=0''^70°C) 


SYMBOL 

PARAMETER 

B8B1 

MAX. 


NOTES 1 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CaS Cycling: ti^Q=tpQ MIN.) 

LiMMJiiawman 

- 

80 

mA 

3,- 

TittliltccA?,-- AA- 'AZ-12 

- 

72 

mA 


- 

65 


^CC2 

STA.NDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vih) 

■ 

5 

mA 

i 

ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, 

RAS Only Refresh Mode 

(RAS Cycling, CAS=Vih: tRc=tRC MIN.) 

T;-Q14125eAP/AT/AZ -10 


70 

mA 

3 

TMM41256AP/AT/AZ -12 

- 

62 

mA 

TMM41256AP/AT/AZ -15 

- 

55 

mA 

ICCA 

PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 
(RAS=Vil, CAS Cycling: tpc=tp(^ MIN.) 

TMM41256AP/AT/AZ -10 

- 


mA 

■ 

TMM41256AP/AT/AZ 12 

- 

55 

mA 

TM1,141256AP/AT/AZ -15 

- 

50 

mA 

^CC5 

CAS BEFORE RAS* REFRESH CURRENT 

Average Power Supply Current, 

CAS Before RAS Refresh Mode 

(RAS, CAS Cycling, CaS Before RAS: 

'=RC""'^RC min.) 


- 

70 

mA 

3 


B 

62 

mA 


- 

55 

mA 

^I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV gVpN S6.5V, ALL Other Pins Not Under Test =0V) 

-10 

10 

uA 


^O(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, OV ^Vq^p I.+5.5V) 

-10 

10 

uA 


VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (IqUT =-5mA) 

■ 

■ 

V 

1 

1 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT=^-2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tRWC 

Read-Write Cycle Time 

tR^n^/ 

Read-Modify-Write Cycle Time 

tpc 

Page Mode Cycle Time 

tPRWC 

Page Mode Read-Write Cycle Time 

tpRMTv’ 

Page Mode Read-Modify Write 

Cycle Time 

tRAC 

Access Time from RAS 

^CAC 

Access Time from CAS 


Output Buffer Turn-Off Delav 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

^RAS 

RAS Pulse Width 

tRSH 

RAS Hold Time 

tCSH 

CAS Hold Time 

•^CAS 

CAS Puls 

^RCD 

RAS to CAS Delay Time 

tcRP 

CAS to RAS Precharge Time 

tcPN 

CAS Precharge Time 

tcp 

Page Mode CAS Precharge Time 

tASR 

Row Address Set-Up Time 

BBl 

Row Address Hold Time 

tASC 

Column Address Set-Up Time 

tcAH 

Column Address Hold Time 

tAR 

Column Address Hold Time 
Reference to RAS 

•^RCS 

Read Command Set-Up Time 

^RCH 

Read Command Hold Time Reference 
to CAS 

tRRH 

Read Command Hold Time Reference 
to RAS 

twCH 

Write Command Hold Time 


TMMA1256AP/TMMA1256AP/ TMM41256AP/ 

AT/AZ-10 AT/AZ-12 AT/AZ-15 UNITSNOTES 
MIN.l MAX. MIN. I MAX. MIN. I MAX. 



50 ho, 000 60 10,000 75 10,000| ns 



































































































































































































TIVIM41256AP/AT/AZ-10, TfflM41256AP/AT/AZ-12 
TIVIM41256AP/AT/AZ-15 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TMM41526AP/ 

AT/AZ-10 

TMM41526AP/ 

AT/AZ-12 

TMM41526AP/ 

AT/AZ-15 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

*^WCR 

Write Command Hold Time Reference 
to RAS 

70 

- 

85 

- 

105 


ns 

■ 

tWP 

Write Command Pulse Width 

20 

- 

25 

- 

30 

■■1 

ns 


tRWL 

Write Command to RAS Lead Time 

25 

- 

35 

- 

45 

- 

ns 


'^CWL 

Write Command to CAS Lead Time 

25 

- 

35 

- 

45 


ns 


^DS 

Data-In Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

14 

tDH 

Data-In Hold Time 

20 


25 

B 

30 

- 

ns 

14 

^DHR 

Data-In Hold Time Reference 
to RAS 

70 


85 

1 

105 

■ 

ns 

H|| 

tREF 

Refresh Period 

- 


- 

D 

- 

4 

ms 


^wcs 

Write Command Set-Up Time 

0 


0 

- 

0 

- 

ns 

15 

’^CWD 

CAS to WRITE Delay 

30 

■ 

40 

- 

50 

- 

ns 

15 


RAS to WRITE Delay 

80 


100 

- 

125 

- 

ns 

15 

5iB 

CAS Set-Up Time (CAS before RAS) 

10 


10 

- 

10 

- 

ns 


tCHR 

CAS Hold Time (CAS before RAS) 

30 

- 

30 

- 

30 

- 

ns 


tRPC 

RAS Precharge to CAS Active Time 

0 


0 

- 

0 

- 

ns 


^CPT 

CAS Precharge Time (CAS before 

RAS Counter Test) 

40 

■ 

50 

- 

60 

- 

ns 

■ 


CAPACITANCE (Tcc= 5V110%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

Cll 

Input Capacitance (Aq • Ag, Djuj) 

- 

5 

pF 

Cl2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

Co 

Output Capacitance (D^py) 

- 

7 
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TMM412S6AP/AT/AZ-10, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3- 1CC1> lCC3> ICCA, lCC5 depend on cycle rate. 

ICCli ICCA depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycles are required. 

6. AC measurement assume t'p=5ns. 

7. VjpCmin.) and Vj^Cmax.) are reference levels for measuring timing of input 

signals. Also, transition times are measured between Vqn ^IL’ 

8. Assumes that tpcD = tpcp is greater than the maximum recommended 

value shown in this table, tp^^C will increase by the amount that tpcD exceeds 
the value shown, 

9. Assume that tpcD ^ tpQpCmax.) 

10. Measured witli a load equivalent to 2 TTL loads and lOOpF. 

11. tQpp(max.) defines the time at which tlie output achieves tlie open circuit 
condition and is not referenced to output voltage levels, 

12. Either tp(^p or must be satisfied for a read cycle, 

13. Operation within the tRcp)(max.) limit insures that tpy^^Cmax.) can be met. 
tRcoCtnax.) is specified as a reference point only: If tpQp is greater than the 
specified tp^^pCmax.) limit, tlien access time is controlled exclusively by t^y^Q, 

14. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write or read-modify-write cycles. 

15. tyQg, tQprp and tppip are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If tpr^g > tpiQg(min,), 

the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; If tQ^rp ^ t^ypC-m-in.) and tppTp 2 tp\^p 
(min.), the cycle is a read-write cycle or read-modify-write cycle and the data out 
will contain dataread from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeter¬ 
minate. 
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TIMING WAVEFORMS 




WRITE CYCLE (EARLY WRITE) 


Don’t care 


RAS 


CAS 


A0~A8 


WRITE 


Din 

Dout 



\[///\ Don’t care 
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TMM41256AP/AT/AZ-10, TfflM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 


READ-WRITE/READ-MODIFY-WRITE CYCLE 
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TMIIII41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

PAGE MODE READ CYCLE 


■'^RAS 



PAGE MODE I'JRITE CYCLE (EARLY WHITE) 



















TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 


READ-WRITE/READ-MODIFY-WRITE CYCLE 

















TIIIIM41256AP/AT/AZ-I0, TMM4I256AP/AT/AZ-12 
TMffl41256AP/AT/AZ-15 

RAS ONLY REFRESH CYCLE 



^O'JT 



Note: WRITE=Don't care, A8=Don’t care Y//A Don’t care 



Y///\ Don't care 
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TMM41256AP/AT/AZ-10, TfflM41256AP/AT/AZ-12 
TMffl41256AP/AT/AZ-15 

CS5 BEFORE R55 REFRESH COUNTER TEST CYCLE 
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APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TMM41256AP/AT/AZ are multiplexed onto the 9 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 9 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
latches the 9 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the ad¬ 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. This 
"gated CAS" feature allows tlie CAS clock to be externally activated as soon as the 
Row address Hold Time specification has been satisfied and the address inputs 

have been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 
a combination of WRITE and CAS wliile RAS is active. The later of the signals (UTIITE 
or CAS) to make its negative transition is the strobe for the Data In (Djj^O register. 
This permits several options in the write cycle timing. In a write cycle, if the 
WRinr input is brought low (active) prior to CAS, the Dij^’ is strobed by CAS and the 
set-up and hold times are referenced to CAS. If the input data is not available at 
CAS time or if it is desired that the cycle be a read-write cycle, the RTRITE signal 
will be delayed until after CAS has made its negative transition. In this "delayed 
write cycle" the data input set-up and hold times are referenced to the negative 
edge of WRITE rather than CAS. (To illustrate this feature, D]^jq is referenced to 
UTIITE in the timing diagrams depicting the read-write and page mode write cycles 
while the "early write" cycle diagram shows Djj^i referenced to CAS) . 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active (low). Data read from the selected cell will be available at the output 
within the specified access time. 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) of the TMMA1256AP/AT/AZ is the 
high impedance (open circuit) state. This is to say, anytime CAS is at a high 
level, the Dqut will be floating. The only time the output will turn on and 
contain either a logic 0 or logic 1 is at access time during a read cycle. Dqut 
will remain valid form access time until CAS is taken back to the inactive (high 
level) condition. 

PAGE MODE 

The "Page-Mode" feature of the TMMA1256AP/AT/AZ allows for successive memory 
operations at multiple column locations of the same row address with increased 
speed without an increase in power. This is done by strobing the row address into 
the chip and maintaining the RAS signal at a logic 0 throughout all successive memory 
cycles in which the row address is common. This "Page Mode" of operation will not 
dissipate the power associated with the negative going edge of RAS. Also, the time 
required for strobing in a new row address is eliminated, thereby decreasing the 
access and cycle times. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory 
cycle at each of the 256 row address (A0"V'A7) within each A millisecond time inter¬ 
val. Altliougli any normal memory cycle will perform the refresh operation, this 
function is most easily accomplished with "RAS-only" cycles, RAS only refresh 
results in a substantial reduction in operating power. This reduction in power is 
reflected in the Icc3 specification. 
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CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TMM41256AP/AT/AZ offers an 
alternate refresh method. If CAS is held on low for the specified period 
before RAS goes to low,, on cb.ip refresh control clock generators and the refresh 
address counter are enabled, and an internal refresh operation takes place. 

After the refresh operation is performed, the refresh address counter is automat¬ 
ically incremented in preparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the T12141256AP/AT/AZ is that refresh cycles may be 
performed while maintaining valid data at the output pin. This is referred to 
as Hidden Refresh. Hidden Refresh is performed by holding CAS at Vil and taking 
RAS high and after a specified precharge period (tj^p) , executing a CAS before 
RAS refresh cycle. (see Figure below) 



This feature allows a refresh cycle to be "hidden" among data cycles 
without affecting tlie data availability. 
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CA? BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TMM41256AP/AT/AZ can be tested by CAS 
BEFORE RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking 
the internal counter address as rovj address and the input address as column 
address. 

The test is performed after a minimum of 8 CAS before RAS cycles as ini¬ 
tialization cycles. The test procedure is as follows. 


Write ”0" into all the memory cells at normal write mode. 

Select one certain column address and read "0” out and write "1" in 
each cell by performing C^ BEFORE MS REFRESH COUNTER TEST (READ-WRITE 
CYCLE). Repeat this operation 256 times. 

(3) Check "1" out of 256 bits at normal read mode, which was \\n-itten at (^ . 

Using the same column as :2', road "1” out and write "0" in each cell 
performing CAS BEFORE REFRESH COUNTER TEST. 

Repeat this operation 256 times. 

Check "0” out of 256 bits at normal read mode, whicli was written at ( 4 ). 
Perform the above (T) to the complement data. 
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OUTLINE DRAWINGS 


• Plastic DIP 


Unit in mm (inches) 




Note: Each lead pitch is 2.5Amni. All leads are located within O.P'rmm of 

their true longitudinal position with respect to No.l and No.16 
leads. All dimensions are in millimeters. 
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• Plastic LCC 



Note: Each lead pitch is 1.27inin. All dimensions are in millimeters. 
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Unit in mm (inches) 


20.65(0,813) MAX 



Note: Each lead pitch is 1.27mm. All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibility for use of any 

circuitry described; no circuit patent licenses are implied, 
and Toshiba reserves tlie right, at any time without notice, 
to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCT 

262,144 WORD X 1 BIT DYNAMIC RAM I I\/II\/I 41 257 P/ I" I 2 

SILICON MONOLITHIC / I 

N-CHANNEL SILICON GATE MOS 



DESCRIPTION 

The TMM41257P/T is the N-channel dynamic RAM organized 262,144 words by 1 bit. Multiplexed address inputs 
permit the TMM41257P/T to be packaged in a standard 16 pin plastic DIP and 18 pin plastic leaded chip carrier. The 
package size provides high system bit densities and is compatible with widely available automated testing and insertion 
equipment. The double layered MOS technology with polycide and poly Si permits the TMM41257P/T high speed 
operation. Also, the advanced circuit techniques have realized low power dissipation. System oriented features include 
single power supply of 5V±10 % to lerance, direct interf acing capabi lity w ith high performance logic families such as 
schottky TTL. In addition to the RAS only refresh mode, a CAS before RAS automatic refresh is available. Another special 
feature of TMM41257P/T is nibble mode, allowing the user to serially access 4 bits of data at a high data rate. 


FEATURES 


• 262,144 words by 1 bit organization 

• Fast access time and cycle time 



TMM41257P/T-12 

TMM41257P/T-15 

RAS Access Time 

120ns 

1 50ns 

CAS Access Time 

60ns 

75ns 

Cycle Time 

220ns 

260ns 

Nibble Mode 

Access Time 

30ns 

40ns 

Nibble Mode 

Cycle Time 

55ns 

70ns 


• Single power supply of 5V±10% with a built-in 
Vbb generator 


PIN CONNECTION (TOP VIEW) 


• Low Power: 

385mW MAX. Operating (TMM41 257P/T-12) 
330mW MAX. Operating (TMM41 257P/T-15) 
28mW MAX. Standby 

• Output unlatched at cycle end allows two- 

dimensional chip selection 

• Common I/O capability using “EARLY WRITE” 

operation _ _ _ 

• Read-Modify-Write, CAS before RAS refresh, RAS- 

only refresh. Hidden refresh, and Nibble Mode 
capability 

• All inputs and output TTL compatible 

• 256 refresh cycles/4ms 
® Package 

Plastic DIP 

Plastic Leaded Chip Carrier 


;TMM41257P 

:TMM41257T 


Plastic LCC 


• Plastic DIP 


CAS(17 
VsstlE 
A811 
D|n^ 


16 15141312 


3 4 5 6 7 

Ljopmj 

O O c\J 
I- < z 
— tr 


A8| 

11pA5 D|Nq2 
10 lA7 WR IT Ec 3 
3 JVCQ 

a 1ai 


RASE 4 
AO C 5 
A2 C 6 
A1 07 


vcc 


PIN NAMES 


16 h 

15 □ CAS 
14 D DquT 
13 d A6 
12 h A3 
1 1 □ A4 

10 □ A5 
9 0 A7 


CO 

< 

o 

< 

Address Inputs 

CAS 

Column Address Strobe 

C|N 

Data In 

Dout 

Data Out 

R^ 

Row Address Strobe 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

vss 

Ground 


BLOCK DIAGRAM 

Vcc 7ss 

^ I 


WRITE O- 


CAS 


AO O*- 
A1 C»- 
A2 <»► 
A3 0»- 
A4 (>► 
A5 O^- 
A6 <>► 
A7 0»- 
A8 0*- 


ts 


RAS 


(O 


No. 2 CLOCK 
GENERATOR 


COLUMN 
ADDRESS 
BUFFERS (9) 


REFRESH 
COUNTER (8) 


ROW 

ADDRESS 
BUFFERS (9) 


No, 1 CLOCK 
GENERATOR 


REFRESH 

CONTROLLER 


a 


D|N 

J. 


DATA IN 
BUFFER 


DoUT 

_L. 


DATA OUT 
BUFFER 




ASC. AsR 






NIBBLE 

SELECTOR 


COLUMN 

DECODER 


SENSE AMP 
I/O GATING 


MM 


0^ 


g Q 

o o 
cr o 


256 


MEMORY 

ARRAY 
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TMIVI41257P/T-15 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input and Output Voltage 

V|N. VoUT 

-1~7 

V 

1 

Power S' '"ily Voltage 

v6c 

-1~7 

V 

1 

Operating Temperature 

Topr 

0-70 

X 

1 

Storage Temperature 

Tstg 

-55-150 

°c 

1 

Soldering Temperature ■ Time 

TSOLDER 

260 • 10 

°C ■ sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

'out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70X) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 


6.5 

V 

2 

V|L 

Input Lovv Voltage 

-1.0 


0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

'cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS Cycling: tRc^lRC MIN.) 

TMM41257P/T-12 


70 

mA 

3,4 

TMM41257P/T-15 


60 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V|h) 


5 

mA 

■ 

'CCS 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=V|(-|: tFj( 3 =tRQ MIN.) 

TMM41257P/T-12 


60 

mA 

3 

TMM41257P/T-15 


50 

ICC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS=V|l, CAS Cycling: t(\jQ=tNC MIN.) 

TMM41257P/T-12 


40 

mA 

3,4 

TMM41257P/T-15 


30 

ICC5 

C^ BEFORE R^ REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS Mode 
(RAS Cycling, CAS Before RAS: tRc=tRc MIN.) 

TMM41257P/T-12 


60 

mA 

3 

TMM41257P/T-15 


50 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OV=V|m= 6.5V, All Other Pins Not Under Test=OV) 

-10 

10 

mA 


'O(L) 

OUTPUT LEAKAGE CURRENT 
(DouT is disabled, OV^Vqut—+5'5V) 

-10 

10 

mA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (louT=~5^A) 

2.4 


V 


VOL 

OUTPUT LEVEL 

Output “L” Level Voltage (louT^'^-^mA) 


0.4 

V 
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TIVIIVI41257P/T-12 

TIVIIVI41257P/T-15 


ELECTRIAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V±10%, Ta = 0~70-C) (Notes 5, 6, 7) 


SYMBOL 



PARAMETER 

Random Read or Write Cycle Time 
Read-Write Cycle Time 
Read-Modify-Write Cycle Time 


Access Time from RAS 




Output Buffer Turn-Off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Hold Time 


CAS Hold Time 


CAS Pulse Width 




CAS to RAS Precharge Time 



Column Address Hold Time 


Column Address Hold Time Reference to RAS 




Read Command Hold Time Reference to CAS 





Write Command Hold Time 


Write Command Hold Time Reference to RAS 
Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


Data-In Set-Up Time 


Data-In Hold Time 


Data-In Hold Time Reference to RAS 


Refresh Period 


Write Command Set-Up Time 


CAS to WRITE Delay 


RAS to WRITE Delay 


CAS Set-Up Time (CAS before RAS) 


CAS Hold Time (CAS before RAS) 


RAS Precharge to CAS Active Time 


TMM41257P/T-12 


MIN. 


TMM41257P/T-15 




tCPN 

CAS Precharge Time 

tASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

tASC 

Column Address Set-Up Time 


tCPT 

CAS Precharge Time (CAS before RAS Counter Test) 

tNC 

Nibble Mode Cycle Time 

tNRWC 

Nibble Mode Read-Write/ 

Read-Modify-Write Cycle Time 

tNCAC 

Nibble Mode Access Time 

tNCAS 

Nibble Mode Pulse Width 

tNCP 

Nibble Mode CAS Precharge Time 

tNRRSH 

Nibble Mode RAS Hold Time (Read) 

tNWRSH 

Nibble Mode RAS Hold Time (Write) 

tNCWD 

Nibble Mode CAS to WRITE Delay Time 

tNCWL 

Nibble Mode WRITE Command to CAS Read Time 
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TMM41257P/T-15 


CAPACITANCE (Vcc=5V±10%, f=1MHz, Ta=0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

C|1 

Input Capacitance (Ao~A8, D|n) 

- 

5 

PF 

C|2 

Input Capacitance (RAS, CAS, WR 1T E) 

- 

7 

PF 

Co 

Output Capacitance (Dqijt) 

- 

7 

pF 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to VsS- 

3. ICCI. ICC3. ICC4. ICC5 depend on cycle rate. 

4. ICC1. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200/iS is required after power-up followed by any 8 RAS cycles before 
pr oper device opera tion is achieved. In case of using inter nal refresh counter, a minimum of 
8 CAS Before RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. V|H(min.) and V|L(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between V|h and Vil- 

8. Assumes that tpcD^tRCD (max.). If tRCD is greater than the maximum recommended value 
shown in this table, tpAC will increase by the amount that tRCD exceeds the value shown. 

9. Assumes that tRCD^tRCD (max.). 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

'll- tOFF(max.) defines the time at which the output achieves the open circuit condition and is 
not referenced to output voltage levels. 

12. Either tRCH or tRRR must be satisfied for a read cycle. 

13. Operation within the tRCD(max.) limit insures that tRAC(max.) can be met. tRCD(max.) is 
specified as a reference point only: If tRCD is greater than the specified tRCD(max.) limit, 
then access time is controlled exclusively by tCAC- 

14. These parameters are referenced to CAS leading edge in early write cycles and to WR ITE 
leading edge in read-write or read-modify-write cycles. 

15. twcs. tcWD and tRWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twCS^tWCSfmin.), the cycle is an early write 
cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; If tcWD^tcWD(min.) and tRWD^tRWD(min.), the cycle is a read-write cycle or read- 
modify-write cycle and the data out will contain data read from the selected cell: If neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 
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TIMING WAVEFORMS 
• READ CYCLE 



RAS 


VlH - 

V|L _ 


CAS 

V|L _ 

'^IH - 

A0~A8 V|l _ 


WR ITE 


V|H — 
V|L _ 


D|n V,h - 

V|L _ 



DqUT 


Vqi 

Voi 


01 











TMM41257P/T-I2 

TMIVI41257P/T-15 


• READ-WRITE/READ-MODIFY-WRITE CYCLE 









TMM41257P/T-12 

TMM41257P/T-15 


CYCLE 











TfflM41257P/T-12 

TMM41257P/T-15 


• NIBBLE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE 


RAS 


V|H 

V|L 


CAS 

V|L 


A0~A8 


WR ITE 


V|H 

V|L 


V|H 

V|L 


D|n V|h - 

V|L - 


DoUT 


Vqh - 

VqL _ 


tRAS 


'AR 

-► 


^ >CSH 



“—► 'nwrsh 

tCAS |< > 


H tRP 





C VALID } '■ VALID \ / VAI in \ > VAI in \ 

DATA DATA \ DATA / \ DATA / 


Don't Care 
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• RAS ONLY REFRESH CYCLE 
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• HIDDEN REFRESH CYCLE (READ) 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within the TMM41257P/T are 
multiplexed onto the 9 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row Address Strob e (RA S), latches the 9 row address bits into the chip. The 
second clock, the Column Addr ess S trobe (CAS ), subsequently latches the 9 column address bits into 
the chip. Each of these signals, RAS, and CAS, triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
ope ration is done outside of the critical path timing sequence for read data access. The later even ts in 
the CAS clock sequenc e are inhibited until the o ccurr ence of a delayed signal derived from the RAS 
clock chain. This “gated CAS ” feature allows the CAS clock to be externally activated as soon as the 
Row address Hold Time specification (tpAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be writt en into a se lected cell is latched into an on-chip r egister by a com bination of 
WRITE and CAS while RAS is active. The later of the signals (WRITE or CAS) to make 
its negative transition is the strobe for t he Data In (D|n) register. This permits sever al opt ions in the 
write cycle timin g. In a write cycle, if the WR ITE input is brough t low (active) prior to CAS, the D|n is 
str obed by CAS and the set-up and hold times are referenced to CAS. I f the inp ut data is not available 
at CAS ti me or if it is desired that the cycle be a read-write cycle, the WRITE signal will be delayed 
until after CAS has made its negative transition. In this “del ayed write c ycle” the data input set-up and 
hold times are refere nced to t he negative edge of WR ITE rather than CAS. (To illustrate this feature. 
Din is referenced to WRITE in the timing diagrams depicting the re ad-w rite and nibble mode write 
cycles while the “early write” cycle diagram shows D|n referenced to CAS). 

Data is retrieved from the memory in a read cycle by ma intain ing WRITE in the inactive or high 
state throughout the portion of the memory cycle in which CAS is active (low). Data read from the 
selected cell will be available at the output within the specified access time. 



TMM41257P/T-12 

TMM41257P/T-15 


DATA OUTPUT CONTROL 

The normal condition of the Data Outp ut (DoUT) of the TMM41257P/T is the high impedance (open 
circuit) state. This is to say, anytime CAS is at a high level, the DoUT Pin will be floating. The only time 
the output will turn on and contain either a l ogic 0 or logic 1 is at access time during a read cycle. 
DoUT will remain valid from access time until CAS is taken back to the inactive (high level) condition. 


NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. Th e firs t of 4 bit s is 
accessed in the usual manner with read data coming out at tCAC f'fne. By keeping RAS low, CAS can 
be cycled up and then down, to read or write the next three pages at a high data rate (faster than 
tCAC)- Row and colu mn ad dresses need only be supplied for the first access of the cycles. From then 
on, the falling edge of CAS will activate the next bit. After four bits have been accessed, the next bit will 
be the same as the first bit accessed (wrap-around method). 


(0,0) —► (0,1) -► (1,0) -► (1,1) 


Pin one (As) determines the starting point of the circular 4 bits nibble. Row As and column As provide 
the two binary bits needed to select one of four bits. From then on, successive bits come out in a binary 
fashion; 00-> 01 ->10^11 with As row being the least significant address. 

A nibble cycle can be a read, write, or late write cycle. Any combinations of reads a nd w rites or late 
writes will be allowed. In addition, the circular wrap-around will continue for as long as RAS is kept low. 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row address (Ao~A 7 ) within each 4 millisecond time interval. Although any no rmal memory cycl e will 
perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, RAS 
only refresh results is a substantial reduction in operating power This reduction in power is reflected in 
the ICC3 specification. 
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CAS BEFORE RAS REFRESH 

_CAS before RAS refreshing available on the TMM41 257P /T offers an alternate refresh method. If 

CAS is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control clock 
generators and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operati on is perfor med, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TMM41257P/T is that refresh cycles may be performed while maintaining 
valid da ta at the output pin. This i s referred to as Hidden Refresh. Hidden Refresh is performe d by 
holding CAS at V|l and taking RAS high and after a specified precharge period (tRp), executing a CAS 
before RAS refresh cycle, (see Figure below) 


MFMnRY r.YCI F REFRESH CYCLE REFRESH CYCLE 



This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data 
availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh operation of TMM41257P/T can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter address as 

row address and the input address as column addr ess. _ 

The test is performed after a minimum of 8 CAS before RAS cycles as intialization cycles. The test 
procedure is as follows. 


(1) Write “0” into all the memory cells at 
normal write mode. 

(2) Select one certain column address and 
read “0” out and write “1” in each cell by 
performing CAS BEFORE MS REFRESH 
COUNTER TEST (READ-WRITE CYCLE). 
Repeat this operation 256 times. 

(3) Check “1” out of 256 bits at normal read 
mode, which was written at (2). 

(4) Using the same column as (2), read “1” 
out and write “0” in each cell performing 
CAS BEFORE RAS REFRESH COUNTER 
TEST. Repeat this operation 256 times. 

(5) Check “0” out of 256 bits at normal read 
mode, which was written at (4). 

(6) Perform the above (1) to (5) with the 
complement data. 
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OUTLINE DRAWINGS 


• Plastic Dip 


Unit in mm (inches) 


16 15 14 13 12 11 10 9 


l[j...r|T „ rpl rp rjn r|i rn r|i 


RI.O (.039) 


TX uBFtiIj U3-C3-C3-CD—Cl 


1 2 3 4 5 6 7 8 



7.62(.300)±0.25(.010) 



Note; Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal 

position with respect to No.1 and No.16 leads. 

Note; Toshiba does not assume any responsibility for use of any circuitry described; no circuit 

patent licenses are implied, and Toshiba reserves the right, at any time without notice, to 
change said circuitry. 
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0.33(.013)~0.53(.021) 
M-r*» -^- 



10 . 85 (, 427 )~ 11 . 86 (. 467 ) 
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TOSHIBA MOS MEMORY PROOUCT 


s®™Tou™c“'^ TMM41257AP/AT/AZ-10, TIII1M41257AP/AT/AZ-12 

N-CHANNEL SILICON GATE CMOS TMM41257AP/AT/AZ-15 


DESCRIPTION 


*This is advanced information and specifications are subject to 
change without notice. 


The TMM41257AP/AT/AZ is an N-channel dynamic RAM organized 262,144 words by 1 bit. Multiplexed 
address inputs permit the TMM41257AP/AT/AZ to be packaged in a standard 16 pin plastic DIP, 18 pin PLCC and 
16 pin ZIP. The package size allows for high system bit densities and is compatible with widely available automated 
testing and insertion equipment. The double layered MOS technology with polycide and poly Si permits the 
TMM41257AP/AT/AZ high speed operation. Also, the advanced circuit techniques have achieved low power 
dissipation. System oriented features include single power supply of 5V+10% tolerance, direct interfacing capability 
with high performance logic families such as schottky TTL. In addition to the RASonly refresh mode, a CASbefore- 
RAS automatic refresh is available. Another special feature of the TMM41257AP/AT/AZ is nibble mode which allows 
the user to serially access 4 bits of data at a high data rate. 


FEATURES 

• 262,144 words by 1 bit organization 

• Fast access time and cycle time 



TMM41257AP/AT/AZ-10/-12/-15 

RAS Access Time 

100ns/120ns/150ns 

CAS Access Time 

50ns/ 60ns/ 75ns 

Cycle Time 

190ns/220ns/260ns 

Nibble Mode Access Time 

25ns/ 30ns/ 40ns 

Nibble Mode Cycle Time 

50ns/ 60ns/ 70ns 


• Single power supply of 5V±10% with a built-in Vgg 
generator 

• Low Power: 

440mW ITAX. Operating (TMM41257AP/AT/AZ-10) 

396mW MAX, Operating (TMM41257AP/AT/AZ-12) 

358mW MAX. Operating (TMM41257AP/AT/AZ-15) 

28mW MAX. Standby 

PIN CONNECTION (TOP VIEW) 


• Output unlatched at cycle end al¬ 
lows two-dimensional chip selec¬ 
tion 

• Common I/O capability using 

"EARLY WRITE" operation _ 

• Read-Modify-Write, CAS before RAS 
refresh, RAS-only refresh. Hidden 
refresh, and Nibble Mode capabil¬ 
ity 

• All inputs and output TTL com¬ 
patible 

• 256 refresh cycles/4ms 

• Package 

Plastic DIP : TMM41257AP 
Plastic Leaded 
Chip Carrier : TMM41257AT 
Plastic ZIP : TMM41257AZ 


Plastic LCC 


CJaSII/ 
Vss 
AS (1 


OO O CQ ^ 

o < z < < 

nn i-ii-i n 




il 3A5 
OD^A? 

^A1 


Plastic DIP 


AS I 

Din’ 

imirEt 

Ra3I 

AOl 

AZI 

All 

VccI 


16 3 Vgg 
15 3 Cas 
14 JDqox 

13 ]A6 
IZ ]A3 
11 3a4 
10 3 A5 
9 3a7 


PIN NAMES 


AO A8 

Address Inputs 


Column Address Strobe 

Din 

Data In 

Dout 

Data Out 

RAS 

Row Address Strobe 

WRITE 

Read/Urite Input 

Vcc 

Power (+5V) 

Vss 

Ground 



Plastic ZIP 


WtllTE 
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ITEM 

SYMBOL 

RATING 

Input and Output Voltage 

VlN» VquT 

-I'v 7 

Power Supply Voltage 

Vcc 

-I'x, 7 

Operating Temperature 

Topr 

O-v 70 

Storage Temperature 

tstg 

-55150 

Soldering Temperature • Time 

^SOLDER 

260 . 10 

Power Dissipation 

pd 

600 

Short Circuit Output Current 

^OUT 

50 


UNITS 


V 


V 


C 


c 


’C • sec 


mW 


mA 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0-v. 70°C) 


SYMBOL 

PARAMETE^^ 

MIN. 1 

vcc 

Supply Voltage 

^Bil 

ViH 

Input High Voltage 

BBI 

ViL 

Input Low Voltage 



TYP. 

5.0 



DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0>v70°C) 


SYMBOL 

PARAMETER 


i31^ 

UNITS 

NOTES 

^CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
<RAS, CAS Cycling: tRc=tRc ^PN.) 

TMM41257AP/A T/AZ -10 

- 


mA 

■ 

TMM41257AP/A T/AZ -12 

m 

is 

TM1141257AP/AT/AZ-15 

B 

65 

^CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CA?=Vih) 

■ 

5 

mA 

■ 

ICC3 

RAS ONLY REFRESH CURRENT _ 

Average Power Supply Current, RAS Only 
Refresh Mode 

(RAS" Cycling, CAS=ViH: tRc=tRC MIN.) 

TMM41257AP/AT/AZ -10 

- 

70 

mA 

3 

TMM41257AP/AT/'AZ -12 

- 

62 

TMM412&7 AP/AT/AZ -15 

- 

55 

ICCA 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS=Vil, CAS Cycling: tNC=tNC MIN.) 

TMM41257AP/AX/AZ -10 

- 

50 

mA 

■ 

TMM41257AP/AT/AZ -12 

- 

45 

TMM41257AP/'AT/AZ -15 

- 

40 

1CC5 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Refresh Mode (RAS, CAS Cycling, 

CAS Before RAS’: tRQ=tRQ MIN.) 

TMM41257AP/AT/AZ -10 

- 

70 

mA 

3 

TMM41257AP/'AT/AZ -12 

- 

62 

TMM41257AP/AT/AZ -15 

- 

55 

^I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV i Vjjj £ 6.5V, All Other Pins Not Under Test = OV) 

-10 

10 

pA 

■ 

^O(L) 

OUTPUT LEAKAGE CURRENT 

(DouT is disabled, OV=Vqut=+5.5V) 

-10 

10 

pA 

■ 

VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (louT””^®^) 

B 

- 

V 

■ 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut “ ^'^niA) 

- 

0.4 

V 

■ 
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TIVIIVI41257AP/AT/AM 0, TIVIIVI41257AP/AT/AM 2 
TMM41257AP/AT/AM5 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0'v^70°C) (Notes 5, 6, 7) 


TMM41257AP/ TMM41257AP/ TMM41257AP/ 


SYMBOL 


PARAMETER 


Random Read or Write Cycle Time 


Read-Write Cycle Time 


Read-Modify-Write Cycle Time 


Nibble Mode Cycle Time 


Nibble Mode Read-Write / Read- 
Modify-Write Cycle Time 


Access Time from RAS 


Access Time from CAS 


tCAC 


^NCAC Nibble Mode Access Time 


tOFF Output Buffer Turn-Off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Hold Time 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time 
Reference to RAS 


Read Command. Set-Up Time 


Read Command Hold Time Reference 
to CAS 


Read Command Hold Time Reference 
to RAS 


Write Command Hold Time 


Wr ite Command Hold Time Reference 
to RAS 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


AT/AZ-10 AT/AZ-12 AT/AZ-15 


MIN. MAX. MIN. MAX. MIN. MAX. 


lUNITS NOTES 



BSBSSSM 

















































































































































































































TMM41257AP/AT/AZ-10, TIVIM41257AP/AT/AZ-12 
TIVIM41257AP/AT/AZ-15 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TMM41527AP/ 

AT/AZ-10 

TMM41527AP/ 

AT/AZ-12 

TMM41527AP/ 

AT/AZ-15 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tDS 

Data-In Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

14 

^DH 

Data-In Hold Time 

20 

- 

25 

- 

30 

- 

ns 

14 

tDHR 

Data-In Hold Time Reference to RAS 

70 

- 

85 

- 

105 

- 

ns 


tREF 

Refresh Period 

- 

/. 

- 

/, 

- 

4 

ms 


^WCS 

Write Command Set-Up Time 

0 

- 

0 

- 

0 


ns 

15 

^CWD 

CAS to WRITE Delay Time 

30 

- 

40 

- 

50 

H 

ns 

15 

tRWD 

RAS to TOITE" Delay Time 

80 

- 

100 

- 

125 

- 

ns 

15 

*^NCAS 

Nibble Mode CAS Pulse Width 

25 

- 

30 

- 

40 

- 

ns 


*^NCP 

Nibble Mode CAS Precharge Time 

15 

- 

20 

- 

20 

- 

ns 


t^nrrsh 

Nibble Mode RAS Hold Time (Read) 

20 

- 

25 

- 

30 

- 

ns 


^NWRSH 

Nibble Mode RAS Hold Time (Write) 

40 

- 

45 

- 

50 

- 

ns 


^NCWD 

Nibble Mode CAS to WRITE Delay 

Time 

25 

■ 

30 

■ 

40 

■ 

ns 

■ 

^NCWL 

Nibble Mode WRITE Command to CAS 
Lead Time 

-20 

■1 

25 

■ 

30 

- 

ns 

■ 

^CSR 

CAS Set-Up Time (CAS before RAS) 

10 

H 

10 

- 

10 

- 

ns 


‘^CHR 

CAS Hold Time (CAS before RAS) 

30 

- 

30 

- 

30 

- 

ns 


tRPC 

RAS Precharge to CAS Active Time 

0 

- 

0 

- 

0 

- 

ns 


^CPT 

CAS Precharge Time (CAS before 

RAS Counter Test) 

40 

■ 

50 

■ 

60 

■ 

ns 



CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=0'''70“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

Cll 

Input Capacitance (Aq Ag, Dj^) 

- 

5 

pF 

Cl2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

pF 

Co 

Output Capacitance (Dqut) 

- 

7 

pF 
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TMM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to VgS* 

3* ICC1> ^CC3» ICC4» ^CCS depend on cycle rate. 

^CCIj ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required aftdr power-up followed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refre sh counter, a minimum of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycles are required. 

6. AC measurements assume t'j'=5ns. 

7- Vijj(min.) and VjL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between and Vjl* 

8. Assumes that tRCD = ^RCD^^nx.) . If t^^jj is greater than tlie maximum recommended 
value shown in this table, tq^Q will increase by the amount that tqcD exceeds 
the value shown. 

9. Assumes that tRCp^tRCD(™nx.) 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF(™ax.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output vo2tage levels. 

12. Either tRQR or tRRR must be satisfied for a read cycle. 

13. Operation within the tRCD(™ax.) limit insures that XRAc(™n.x.) can be met. 
tRCDCmax.) is specified as a reference point only: If tRCp is greater than the 
specified tRcnCmax.) limit, then access time is controlled exclusively by tcAC* 

14. Th ese pa rameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write or read-modify-v7rite cycles. 

15. twcs> and tRWD are not restrictive operating parameters. They are in¬ 

cluded in the data sheet as electrical characteristics only. If ty^g = *‘-WCS 
(min.), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; If tcyp = tcyx)(min.) 
and tm^ > tqyjj(min.) , the cycle is a read-write cycle or read-modify-write cycle 
and the data out will contain data read from the selected cell: If neither of 
the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 
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TIMING WAVEFORMS 
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TMM41257AP/AT/AZ-10, TMM4I257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 


NIBBLE MODE READ CYCLE 


HAS 


ViH — 
ViL — 


GAS 


ViK - 

ViL — 


Ao^-^S 


ViH 

ViL 


DqUT 


"^OH 

''^OL 


_ V T tJ ' ' " 

WRITE 

ViL - 



NIBBLE MODE WRITE CYCLE (EARLY WRITE) 


ViH - 

ViL - 


CAS 


ViH - 

ViL - 


-^O^Ag 


ViH - 

ViL - 


WRITE 

Vie — 


^IN 


ViH - 

ViL - 


DoUT 


VOH -- 

''^OL - 


^RAS 



Y//X Don’t care 
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TMM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 


NIBBLE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE 













TIIIIM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 


RAS ONLY REFRESH CYCLE 



Note; WRITE=Don't care, AOA8=Don' t care 

Don't care 
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TMM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 



y//\ Don’t care 



y//A Don’t care 
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Tlllliyi41257AP/AT/AZ-10, TIIIIIIII41257AP/AT/AZ-12 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


^RAS 
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TMM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 


APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TMM41257AP/AT/AZ are multiplexed onto the 9 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-leval clocks. 

The first clock, the Row Address Strobe (RAS), latches the 9 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
latches the 9 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed inter¬ 
nal clocks. 

The two clock chains are linked together logically in such a way that the ad¬ 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. This 
"gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row address Hold Time specification has been satisfied and the address inputs 

have been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE 
or CAS) to make its negative transition is the strobe for the Data In (Djn) register. 
This permits several options in the write cycle timing. In a write cycle, if the 
WRITE input is brought low (active) prior to CAS, the Difj is strobed by CAS and the 
set-up and hold times are referenced to CAS. If the input data is not available at 
CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal 
will be delayed until after CAS has made its negative transition. In this "delayed 
write cycle" the data input set-up and hold times are referenced to the negative edge 
of WRITE rather than CAS. (To illustrate this feature. Din is referenced to WRITE 
in the timing diagrams depicting the read-write and nibble mode write cycles while 
the "early write" cycle diagram shows Djn referenced to CAS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active (low). Data read from the selected cell will be avialable at the output 
within the specified access time. 
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TMM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12 
TMM4I257AP/AT/AZ-15 


DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) of the TMM41257AP/AT/AZ is the 
high impedance (open circuit) state. This is to say, anytime CAS is at a high 
level, the Dqut will be floating. The only time the output will turn on and 
contain either a logic 0 or logic 1 is at access time during a read cycle. Dqut 
will remain valid from access time until CAS is taken back to the inactive (high 
level) condition. 


NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. 

The first of 4 bits is accessed in the usual manner with read data coming out at 
tcAC time. By keeping RAS low, CAS can be cycled up and then down, to read or 
write the next three pages at high data rate (faster than tcAC)• Row and column 
addresses need only be supplied for the first access of the cycles. From then on, 
the falling edge of CAS will activate the next bit. After four bits have been 
accessed, the next bit will be the same as the first bit accessed (wrap-around 
method). 


c 


( 0 , 0 ) 


( 0 , 1 ) 


( 1 , 0 ) 


( 1 , 1 ) 


□ 


Pin one (Ag) determines the starting point of the circular 4 bits nibble. Row Ag 
and column Ag provide the two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion: 00 01 -> 10 11 

with Ag row being the least significant address. 

A nibble cycle can be a read, write, or late write cycle. Any combinations 
of reads and writes or late writes will be allowed. In addition, the circular 
wrap-around will continue for as long as RAS is kept low. 


RAS ONLY REFRESH 

Refresh of the djrnamic cell matrix is accomplished by performing a memory 
cycle at each of the 256 row address (Aq Ay) within each 4 millisecond time inter¬ 
val. Although any normal memory cycle will perform the refresh operation, this 
function is most easily accomplished with "RAS-only" cycles, RAS only refresh 
results in a substantial reduction in operating power. This reduction in power 
is reflected in the specification. 
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TMM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12 
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CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TMM41257AP/AT/AZ offers an 
alternate refresh method. If CAS Is held on low for the specified period (tcsR) 
before RAS goes to low, on chip refresh control clock generators and the refresh 
address counter are enabled, and an Internal refresh operation takes place. 

After the refresh operation Is performed, the refresh address counter Is automat¬ 
ically Incremented In preparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TMM41257AP/AT/AZ Is that refresh cycles may be 
performed while maintaining valid data at the output pin. This is referred to 
as Hidden Refresh. Hidden Refresh is performed by holding CAS at Vil and taking 
RAS high and after a specified precharge period (tpp), executing a CAS before 
RAS refresh cycle. (see Figure below) 


MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 










k / 






\ 

/ 





/ 

VALID DATA 

V 



/ 



i 



This feature allows a refresh cycle to be "hidden" among data cycles 
without affecting the data availability. 
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TMM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TMM41257AP/AT/AZ can be tested by CAS 
BEFORE RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking 
the internal counter address as row address and the input address as column 
address. 

The test is performed after a minimum of 8 CAS before RAS cycles as ini¬ 
tialization cycles. The test procedure is as follows. 


(1) Write "0" into all the memory cells at normal write mode. 

(2) Select one certain column address and read ’’O" out and write "1" in 
each cell by performing ^ BEFORE RAS REFRESH COUNTER TEST (READ- 
WRITE CYCLE). Repeat this operation 256 times. 

Check "1" out of 256 bits at normal read mode, which was written at (2) . 

( 5 ) Using the same column as (2), read "1" out and write "0" in each cell 
performing CKS BEFORE RAS REFRESH COUNTER TEST. 

Repeat this operation 256 times. 

(5) Check "0" out of 256 bits at normal read mode, which was written at (4). 
Perform the above (l) to the complement data. 
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OUTLINE DRAWINGS 

• Plastic DIP 


Unit in mm 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of 

their true longitudinal position with respect to No.l and No.16 leads. 
All dimensions are in millimeters. 
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• Plastic LCC 



Note: Each lead pitch is 1.27niin. All dimensions are in millimeters 
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TMM41257AP/AT/AZ-I5 


• Plastic ZIP 


Unit in mm 





Note: Each lead pitch is 1.27mm. All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibility for use of any 

circuitry described; no circuit patent licenses are implied, 
and Toshiba reserves the right, at any time without notice, 
to change said circuitry. 
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TOSHIBA MOS MEMORY PROOUCT 


65,536 WORD X 4 BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 


TMM41464P-12 

TMM41464P-15 


DESCRIPTION 

The TMM41464P is the new generation dynamic 
RAM organized 65,536 word by 4 bit, it is succes¬ 
sor to the industry standard TMM41 64AP. 

The TMM41464P utilizes TOSHIBA'S N-channel/ 
Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating mar¬ 
gins, both internally and to the system user. 

Multiplexed address inputs permit the TMM 


41464P to be packaged in a standard 1 8 pin plastic 
DIP. This package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. 

System oriented features include single power 
supply of 5V±10% tolerance, direct interfacing 
capability with high performance logic families such 
as schottky TTL. 


FEATURES 

• 65,536 words by 4 bit organization 

• Fast access Time and cycle time 


DEVICE 

tRAC 

tCAC 

Inc 

TMM41464P-12 

1 20ns 

60ns 

220ns 

TMM41464P-15 

1 50ns 

75ns 

260ns 


• Single power supply of 5V±10% with a built-in 
Vbb generator 

• Low power; 

385mW Operating (MAX.) (TMM41464-1 2) 


330mW Operating (MAX.) (TMM41 464-1 5) 
28mW Standby (MAX.) 

• Industory standard 18 pin plastic DIP 

• Output unlatched at cycle end allows two-dimen¬ 
sional chip selection _ 

• Read-M odify -Write, RA S only refresh,Hidden 
refresh, CAS before RAS refresh, and Page Mode 
capability. 

• All inputs and outputs TTL compatible 

• 256 refresh cycles/4ms 


PIN CONNECTION 



lap^ss 
1'? ]l/04 

16 3g^ 

15 11/03 
14]A0 
13 ]A1 
12 1a2 
11 3a3 
10 1a7 


PIN NAMES 


< 

1 

o 

< 

Address Inputs 

CAS 

Column Address Strobe 

l/0l~l/04 

Data Input/Output 

RAS 

Row Address Strobe 

WRITE 

Read/Wnte Input 

OE 

Output Enable 

Vcc 

Power ( + 5V) 

Vss 

Ground 


BLOCK DIAGRAM 


1/02 1/04 

I/Ol I/O 3 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input and Output Voltage 

Vim, Voui 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 

1 

Operating Temperature 

Topr 

0~70 

c 

1 

Storage Temperature 

Tstg 

-55--150 

c 

1 

Soldering Temperature-Time 

TsOlDfR 

260-10 

C-sec 

1 

Power Dissipation 

Pf; 

600 

mW 

1 

Short Circuit Output Current 

lr)ui 

50 

mA 

U__-J __J 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNITS 

NOTES 

Vcc 

Supply Voltage 

4,5 

5,0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

_, 

Input Low Voltage • 

-1,0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V(;c=5V± 10%. Ta=0~70C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS Cycling : tRc = tRc MIN.) 

TMM41464P-12 

- 

70 

mA 

3,4 

TMM41464P-15 

- 

60 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS-CAS = Vih) 

- 

5 

mA 


ICC3 

RAS'ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = Viti : tHc--tHC MIN.) 

TMM41464P-12 


60 

mA 

3 

TMM41464P-1 5 

- 

50 

lcC4 

PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 
(RAS = Vii, CAS Cycling : tpc-tpc MIN.) 

TMM41464P-12 

- 

60 

mA 

3,4 

TMM41464P-1 5 

- 

50 

Iccb 

_ 

CAS'BEFORE RAS'REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS Mode 
(~RAS Cycling, CAS Before RAS : tRc = tfic MIN.) 

TMM41464P-12 

- 

60 

mA 

3 

TMM41464P-1 5 

- 

50 

IllL.I 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0VtSViNS16.5V, All Other Pins Not Under Test 
-OV) 

-10 

10 

aA 


lorn 

OUTPUT LEAKAGE CURRENT 
(Doui IS disabled, OVstVouiS +5.5V) 

-10 

10 

aA 


VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (loui5mA) 

2.4 


V 


Voi 

OUTPUT LEVEL 

Output "L" Level Voltage (loui-4,2mA) 


0.4 

V 
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TIV1M41464P-12 

TIVIIVI41464P-15 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V±10%, Ta = 0~70”C) (Notes 5, 6, 7) 



PARAMETER 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Page Mode Cycle Time 


Access Time from RAS 




TMM41464P-12 I TMM41464P-15 



Output Buffer Turn-Off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Hold Time 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time 

CAS Precharge Time (for Page Mode Cycle Only) 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time Reference to RAS 


Read Command Set-Up Time 


Read Command Hold Time Reference to CAS 


Read Command Hold Time Reference to RAS 


Write Command Hold Time 


Write Command Hold Time Reference to RAS 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


Data-In Set-Up Time 
Data-In Hold Time 

Data-In Hold Time Reference to RAS 


Refresh Period 


Write Command Set-Up Time 


CAS to WRITE Delay 


RAS to WRITE Delay 


OE Access time 


OE to Data Delay 


Output Buffer Turn-Off Delay Time from OE 


OE Command Hold Time 

RAS Hold Time Refereuco to OE 


0 

40 

3 

50 
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TMM41464P-12 

TMM41464P-I5 


' SYMBOL , 

i.-.J 


PARAMETER 


TMM41464P-12 . TMM4 1 464P. 1 B 


j J_ MIN. 1 

j CAS Hold Time for CAS Before RAS Refresh J 30 | 

j CAS Set-Up lime for CAS Before RAS Refresh j j 

j CAS Precharge to CAS Active Time ! 0 j 


CAS Precfiarge Time for CAS Before RAS Counter | 
Test 




CAPACITANCE (Vre-- 5V-^ 10%, f IMHz, Ta = 0--70 C) 


I SY_MBqi. j 


PARAMETER 


Cu j Input Capacitance (Ao-A;) 

Cl? i Input Capacitance (RAS, CAS, WRifE, OE) 
Co i Input-'Output Capacitance d'Ol-L04) 


NOTES; 

I . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are refrenced to Vss. 

3. Icci, Icc3, Icc4, Iccb depend on cycle rate. 

4. Icci, Icc4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200/js is required after power-up followed by any 8 CAS cycles before proper device operation 
IS achieved. In case of using internal refresh counter, a minimun of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycle are required. 

6. AC measurements assume tr =5ns. 

7. Vinlmin.) and Vii.(max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vii. 

8. Assumes that tRco^tRco (max.). If tRco is greater than-the maximum recommended value shown in this table, tRAc 
will increase by the amount that tRco exceeds the value shown. 

d . Assumes that tRcrj^tRCD (max.). 

10. Measured with a load equivalent to 2 TLL loads and lOOpF. 

II . torr (max.) defines the time at which tne output achieves the open circuit condition and is not referenced to output 

voltage levels. 

12. Either tRcn or tRRn must be satisfied for a read cycle. 

1 3. Operation within the tpco (max.) limit insures that Irac (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRco is greater than the specified tRco (max.) limit, then access 
time is controlled exclusively by tcAc. _ 

14. These paramenters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write 
or read-modify-write cycles. 

15. twes, tewD and tRwo are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twes^Stwes (min.), the cycle is an early write cycle and the input/output pin will remain open 
circuits (high impedance) throughout the entire cycle; If tewo^tewo (min.) and tRWDStRwo(min.), the cycle is a read 
-write cycle or read-modify-write cycle and the data out will contain data read from the selected cell. 
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• READ CYCLE 


TMIIII41464P-12 

TMIVI41464P-15 


^RC 



EZ3 Don't Ca re 

o WRITE CYCLE (EARLY WRITE) 
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• WRITE CYCLE (OE CONTROLLED WRITE) 



• READ-WRITE/READ-MODIFY-WRITE CYCLE 
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TMM41464P-12 

TMM41464P-15 


• PAGE MODE READ CYCLE 



RAS 


CAS 


A0~A7 


vraiTE 


OE 


I/01~I/0 4 
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TmM41464P-12 

TMM41464P-15 


i/Oi 


• RAS ONLY REFRESH CYCLE 



Notes: WRITE, OE=Don't Care 



i 


• CAS BEFORE RAS REFRESH CYCLE 
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• HIDDEN REFRESH CYCLE 









TIIIIM41464P-I2 

TMIVI41464P-I5 


• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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TMIIII41464P-12 

TMIVI41464P-15 


APPLICATION INFORMATION 

ADDRESSING 

The 1 6 address bits required to decode 1 of the 
65,536 cell locations within the TMM41464P are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply¬ 
ing two negative going TTL-level clocks. _ 

The first clock, the Row Address Strobe (RAS ), 
latches the 8 row address bits into the chi p. T he 
second clock, the Column Address Strobe (CAS) , 
subsequently latches the 8 column addr ess bit s into 
the chip. Each of these signals, RAS, and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurrence of 
a delayed si gnal derived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAH) has been satisfied and the 
address inputs have been changed from Row 
address to Column address information. 

Data Inputs 

Data is written during write or read-modify-write 

cycle. _ _ 

The falling edge of CAS or WRITE strobes data into 
the on-chip data latch es. 

In an early-write cycle, WRITE is broug ht low prior to 
CAS and the data is strobed in by CAS with setup and 
hold times referenced to this sign al. In delayed write 
or read-modify-write cycle, CAS w ill alrea dy be low, 
thus the data will be strobed in by WRITE with setup 
and hold time referenced to this signal. 

In delayed or read-modify-write, OE must be high to 
bring the output buffers to high impedance prior to 
impressing data on the I/O lines. 

Data outputs 

The three-state output buffers provide direct TTL 
compatibility with a fan-out of two standard TTL 
loads. Data-out is the same polarity as data-i n. Th e 
outputs are in the high-impedance state until CAS is 
brought low. In a read cycle the outputs go active 
after the access time interval tRAC and toEA are satis¬ 
fied. 

The outputs become valid after the access time 
has elapsed and remain valid while CAS and OE are 


low. CAS or OE going high returns it to a high 
impedance state. In an early-write cycle, the outputs 
are always in the high-impedance state. In a delayed 
-write or read-modify-write cycle, the outputs will 
follow the sequence for the read cycle. 

The OE controls the impedance of the output 
buffers. In the logic high position the buffers will 
remain in a h igh impedance state 

When the OE input is brought to a log ic low level, 
the output buffers are enabled. Both CAS and OE can • 
contro l the outputs. Thus in a read operation, either 
OE or CAS returning high forces the outputs into the 
high impedance state. 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accom¬ 
plished by performing a memory cycle at each of the 
256 row address (Ao-A?) within each 4 millisecond 
time interval. Although any normal memory cycle will 
perform the refresh operati on, th is function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Icc3 specification. 


CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the 
TMM AI464P offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsR) 
before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are 
enabled, and an internal refresh operation takes 
place. 

After the refresh operation is performed, the refresh 
address counter is auto matic ally inc reme nted in 
preparation for the next CAS before RAS refresh 
operation . 

PAGE MODE 

The "Page-Mode" feature of the TMM41464P 
allows for successive memory operations at multiple 
column locations of the same row address with in¬ 
creased speed without an increase in power. This is 
done by strobin g the row address into the chip and 
maintaining the RAS signal at a logic 0 throughout all 
successive memory cycles in which the row address 
is common. This "Page-Mode" of operation will not 
dissipate the power associated with the negative 
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TIIIIM41464P-12 

TIVIM41464P-15 


going edge of RAS. Also, the time required for 
strobing in a new address is eliminated, thereby 
decreasing the access and cycle times. 

HIDDEN REFRESH 

An optional feature of the TMM41464P is that 


refresh cycle may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refre sh. Hidden Refresh is performed by 
holding CAS at Vil and taking RAS high and af ter a 
specifie d pr echarge period (tap), executing a CAS 
before RAS refresh cycle, (see Figure below) 



This feature allows a refresh cycle to be "hidden" 
among data cycles without affecting the data availa¬ 
bility. 


CAS' BEFORE RAS REFRESH COUNTER TEST 

The internal refres h o peration o f TM MA.1464P 
can be tested by CAS BEFORE ^S REFRESH 
COUNTER TEST. This cycle performs READ/WRITE 
operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS 
before RAS cycles as initialization cycles. The test 
procedure is as follows. 

® Write ”0" into all the memory cells at normal write 
mode. 

@ Select one certain column address and read "0" 
out and write “1" in each cell by performing CAS 


BEFORE RAS REFRESH COUNTER TEST (READ- 
WRITE CYCLE). 

Repeat this operation 256 times. 

@ Check "1" out of 256 bits at normal read mode, 
which was written at (2) . 

(4) Using the same column as @ , rea d " 1 " out and 
write “0" in each cell performing CAS BEFORE 
RAS REFRESH COUNTER TEST. Repeat this 
operation 256 times. 

i5) Check"0" out of 256 bits at normal read mode, 
which was written at @ . 

® Perform the above © to (5) to the complement 
data. 
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OUTLINE DRAWINGS 


Id 17 id id 14 id Lii 11 lu 



D 7 « y 


Unit in mm 




NOTES ; Each lead pitch is 2.54mrn. All leads are located within 0.25nnnn of their true longitudinal position with respect 
to No. 1 and No. 1 8 leads. Alldimensions are in millimeters. 


— A-83 — 





TMM4I464P-12 

TMM41464P-15 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry, 

©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 


1,048,576 WORDS X 1 BIT DYNAMIC RAM 

SILICON GATE CMOS 

DESCRIPTION 


TC5110OOP/J/Z-85, TG5110OOP/J/Z-10 
TG511000P/J/Z-12 


The TC511000P/J/Z is the new generation dynamic RAM organized 1,048,576 words by 1 bit. 
The TC511000P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well as ad¬ 
vanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC511000P/J/Z to be packaged in a 
standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package 
size provides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families such 
as Schottky TTL. "Test Mode" function is implemented from Revision C. 

FEATURES 


• 1,048,576 words by 1 bit organization 

• Fast access time and cycle time 



TC511000P/J/Z-85 

- 10-12 

tPvAC 

PvAS Access Time 

85ns 

100 ns 

120 ns 

tAA 

Column Address 
Access Time 

45ns 

50ns 

60ns 

^CAC 

CAS Access Time 

25ns 

25 ns 

30ns 

*^RC 

Cycle Time 

165ns 

190ns 

220 ns 

tpc 

Fast Page Mode 
Cycle Time 

50ns 

55ns 

70ns 


• Single power supply of 5V±10% with a built- 
in V 33 generator 


PIN CONNECTICN (TOP VIEW) 


Low Power 

385mW MAX. Operating(TC511000P/J/Z-85) 
330mW MAX. Operating(TC511000P/J/Z-10) 
275mW MAX. Operating(TC511000P/J/Z-12) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows 
two-dimensional chip selection 
Common I/O capability using "EARLY l^RITE 
operation 

Re ad-M odify-Mrite, CAS before RAS refre:. 
RAS-only refresh. Hidden refresh. Fast 
Page Mode and Test Mode capability 
All inputs and output TTL compatible 
512 refresh cycles/ 8 ms 
Package Plastic DIP: TC511000P 
Plastic SOJ: TC51100GJ 
Plastic ZIP: TC511000Z 


Plastic 

D 

IP 

Dm c 

1 

18 

] 733 

wRrnr 

2 

17 

] Do37 

EaT 

3 

IS 

] CaE 

Tf I 

4 

IS 

] A9 

AO [ 

S 

14 

] AS 

A1 [ 

8 

13 

I A7 

A2 C 

7 

12 

1 AS 

A3 C 

8 

11 

] AS 

^GC C 

9 

10 

] A4 


Plastic SOJ 





PIN NAMES 


AO -X. A9 

Address Inputs 

RA^ 

Row Address Strobe 

Din 

Data In 

DoUT 

Data Out 

CAS 

Column Address Strobe 

WRITE 

Read/Write Input 

Vcn 

Power (+5V) 

Vss 

Ground 

TF 

Test Function 

N.C. 

No Connection 


Plastic ZIP 
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Test 1000P/J/Z-85, Test lOOOP/J/Z-10 
TC511000P/J/M2 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

Input Voltage 

VIN 

-1 7 

Test Function Input Voltage 


-1 10.5 

Output Voltage 


-1^7 

Power Supply Voltage 


-1 7 

Operating Temperature 

Tqpr 

1 0 -I. 70 

Storage Temperature 

tstg 

-55 150 

Soldering Temperature • Time 

TsOLDER 

260 • 10 

Power Dissipation 

pd 

800 

Short Circuit Output Current 

lOUT 

50 



RECOMMENDED DC OPERATING CONDITIONS (Ta= 0 'v. 70 “C) 


SYMBOL 



PARAMETER 


Supplv Voltage 


Input High Voltage 


Input Low Voltage 


Test Enable Input High Voltage I VcC+A-5 




DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%. Ta=0%70°C) 


SYMBOL 

PARAMETER 


Bisai 

lusiiutd 


^CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tp^c=tj^C MIN.) 

TCSIICOOP/J/S-SS 

01 

WBEM 

mA 

3,4 

TC51IOOOP/j/Z-10 

- 

ma 

TC511000P/'o/'3-12 

_ 

0 


ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=^=Vik) 

■ 

2 

mA 


ICC3 

Ra^ only refresh CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vih: tRC=^RC MIN.) 

TC511000P/'J/Z-S5 

- 

na 

mA 

3 

Tcsnooop/j/z-io 

- 


TCSllDOOP/J/Z-ia 

- 

mm 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=VxL» CAS, Address Cycling: tpc=tpc MIN.) 

TC511000P/J'/'Z-85 

- 

El 

mA 

3,4 

TCSllOOOP/J/Z-lO 

- 

lEI 

T C511000P/J/Z-12 

_ 

30 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 

(ras=cas=vcc-o.2v) 

■ 

■ 

mA 

■ 

ICC6 


TC511000P/J/Z-35 

- 

El 

mA 

3 

TC SllOOOP/J/'Z-lO 

- 

warn 

T C511000P/J/Z-12 

- 

El 

^KD 

INPUT LEAILAGE CURRENT (any input except TF) 

Input Leakage Current, any input (OV < Vjjj 16 .5V, All Other 
Pins Not Under Test=0V) 

-10 

10 

pA 

1 


INPUT LEAKAGE CURRENT (only TF) 

(0V4viji(TF) ^O.SV, All Other Pins Not Under Test=0V) 

-10 

10 

yA 


^O(L) 

OUTPUT LEAKAGE CURRENT 

(DouT is disabled, OV 1 VquT =5.5V) 

-10 

10 

y-A 

[H 

Itf 

TEST FUNCTION INPUT CURRENT 
(Vcc+4.5V ^ Vi\t(TF) S10.5V) 

- 

1 

mA 


^OH 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT=“5mA) 

m 

- 

V 


^OL 

OUTPUT LEVEL 

Output "L" Level Voltage (louT"*^• 2niA) 

- 

0.4 

V 
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TC51 10OOP/J/Z-85, TC5110OOP/J/Z-10 
TC5n000P/J/Z-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±LO%, Ta=0A,70°C)(Notes 5, 6, 7) 


TCSnOOOP/'J/'Z-BS TC511000P/'J/'Z-10 TC511000P/’J/Z-i2 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

^RWC 

Read-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tpRWC 

Fast Page Mode Read-Write Cycle 
Time 

*^RAC 

Access Time from RAS 

‘^CAC 

Access Time from CaS 

*^AA 

Access Time from Column Address 

•^CPA 

Access Time from CAS Precharge 

CCLZ 

CAS to Output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

^RP 

RAS Precharge Time 

^RAS 

RAS Pulse Width 

*^RASP 

RAS Pulse Width (Fast Page Mode) 

‘^RSH 

RAS Hold Time 

tCSH 

CAS Hold Time 

^CAS 

C^ Pulse Width 

crcd 

RAS to CAS Delay Time 

*^RAD 

RAS to Column Address Delay 

Time 

*^CRP 

CAS to RAS Precharge Time 

*^CP 

CAS Precharge Time (Fast Page 
Mode) 

^ASR 

Row Address Set-Up Time 

‘^RAH 

Row Address Hold Time 

tASC 

Column Address Set-Up Time 

*^CAH 

Column Address Hold Time 

^AR 

Column Address Hold Time 
referenced to P^S 

‘^RAL 

Column Address to RAS Lead Time 

^RCS 

Read Command Set-Up Time 

^RCH 

Read Command Hold Time 

*^RRH 

Read Command Hold Time 
referenced to RAS 


MIN. MAX. 


220 



UNIT NOTES 


85 10,000 100 


85 


25 


85 


25 I 10,000 


60 


120 


10,000 30 


75 



ns 8,13 


ns 8,13 


ns 8,14 


ns 8 


ns 8 


10,0001120 I 10,000 I ns 


100,000 120 100,000 ns 


30 


ns 


ns 


10,000 I ns 


90 


ns 13 


ns 


ns 


ns 10 


ns 10 













































































































































































































TC511000P/J/Z-85, TCSnOOOP/J/Z-IO 
TC511000P/J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Conctnued) 



SYMBOL 

PARAMETER 

TCSllGOOR/J/Z-aS 

TC51I000P/'J/2-10 

T C511000P/V'Z-12 

UNITS 

NOTES 


MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

— 

tWCH 

Write Command HoldrTime 

20 

- 

20 

- 

25 

- 

ns 


r- 

*^WCR 

Write Command Hold Time 
referenced to RAS 

65 

im 

75 

■ 

90 

- 

ns 

■ 


‘^WP 

Write Command Pulse Width 

20 

- 

20 

- 

25 

- 

ns 

Bill 


•^RWL 

Write Command to RAS Lead 

Time 

20 

■ 

25 


30 

■ 

ns 




Write Command to CAS Lead 

Time 

20 

- 

25 

■ 

30 

- 

ns 

■ 



Data Set-Up Time 

0 

- 

0 

- 

0 

. - 

ns 

11 


tDH 

Data Hold Time 

20 

- 

20 

- 

25 

- 

ns 

. 

11 

- 

^DHR 

Data Hold Time referenced 
to R^ 

65 

- 

75 

- 

90 

- 

ns 

■ 


*^REF 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 


- 

twcs 

Write Command Set-Up Time 

0 

- 

0 

~ 

0 

- 

ns 

5 


‘^CWD 

CAS to WRITE Delay Time 

25 

- 

25 

- 

30 

- 

ns 

1^’ 


^RWD 

RAS to WRITE Delay Time 

85 


100 

- 

120 

- 

ns 

12 


•^AWD 

Column Address to WRITE 

Delay Time 

45 

- 

50 

- 

60 

- 

ns 

12 


^CSR 

CAS Set-Up Time (CAS before' 

RAS Cycle) 

10 

- 

10 

- 

10 

- 

ns 


*» 

*^CHR 

CAS Hold Time (CAS before 

RAS" Cycle) 

30 

- 

30 

- 

30 

- 

ns 



*^RPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 

ns 



*^CPT 

CAS Precharge Time (CAS be¬ 
fore RAS Counter Test Cycle) 

50 

- 

50 

- 

60 

- 

ns 



*^CPN 

CAS Precharge Time 

15 

- 

15 

- 

20 

- 

ns 



^TES 

Test Mode Enable Set-Up Time 
referenced to RAS 

0 

- 

0 

- 

0 

- 

ns 


' 

tPEH 

Test Mode Enable Hold Time 
referenced to RAS 

0 

- 

0 

- ^ 

0 

- 

ns 
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TC5110OOP/J/Z-85, TC5110OOP/J/Z-10 
TC511000P/J/Z-12 


CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=0''^70“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0 'v,a9, Dij}) 

- 

5 


CI2 

Input Capacitance (RAS, CAS, l^RITE, TF) 

- 

7 

pF 

Co 

Output Capacitance (Dqut) 

- 

7 



NOTES; 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All Voltages are referenced to Vgg. 

3* ICC1» ICC3> ICC4. ICC6 depend on cycle rate. 

^CC1» ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200iJs is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t'j'=5ns. 

7. ViiiCmin.) and VxL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjjj and 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. topFCniax.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either or tj^j^ must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

13. ^RWD» ^CWD t^WD restrictive operating parameters. They are 

included the data sheet as electrical characteristics only. If ty^s ^ *-WCS 
(min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) through the entire cycle; If ^ t^^^(min.), 

^CWD = ^AVTD = cycle is a read-write cycle and 

data out will contain data read from the selected cell: If neither of the 
above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

13. Operation within the tj^cQ(max.) limit insures that t^Q(max.) can be met. 
tRCoC™^^*) is specified as a reference point only: If t^d) is greater than the 
specified tRCD(max.) limit, then access time is controlled by 

14. Operation within the tj^j)(max.) limit insures that tj^Q(max.) can be met. 
tRAD(max.) is specified as a reference point only: If tj^ is greater then the 
specified tp^(max.) limit, then access time is controlled by 
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TC5110OOP/J/Z-85, TC5110OOP/J/Z-10 
TC511000P/J/Z-12 


TIMING WAVEFORMS 

READ CYCLE 


crc 




II H II 0 r " L " 


NOTE: "TF" pin should be connected to Vjl level or open, if "Test 
Mode" is not used. 
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TC5110OOP/J/Z-85, TC5! 10OOP/J/Z-10 
TC511000P/J/Z-12 


READ-WRITE CYCLE 




























TC511000P/J/Z-85, TC511000P/J/Z-10 
TG511000P/J/Z-12 



"TF" pin should be connected to level or open, if "Test 
Mode" is not used. 

























TC5110OOP/J/Z-85, TC5110OOP/J/Z-10 
TC511000P/J/Z-12 


FAST PAGE MODE l^?RITE CYCLE (EARLY WRITE) 




























TC5110OOP/J/Z-85, TC5110OOP/J/Z-10 
TC511000P/J/Z-12 


FAST PAGE MODE READ-I^ITE CYCLE 



"TF" pin should be connected to Vjl level or open, if "Test 
Mode" is not used. 

























TC511000P/J/Z-85, TC5! 1000P/J/Z-10 
TC511000P/J/Z-12 


RAS ONLY REFRESH CYCLE 



VoH — 
VoL ~ 



"H"or"L" 


NOTE: WRITE="H" or "L", A9="H" or "L" 

"TF" pin should be connected to level or open, if "Test 
Mode" is not used. 
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TC511000P/J/Z-85, TC511000P/J/Z-10 
TC511000P/J/Z-12 


CAg BEFORE REFRESH CYCLE 




II H" or " L" 


NOTE: WRITE="H'' or "L", AGor "L" 

"TF” pin should be connected to level or open, if "Test 
Mode" is not used. 
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TC511000P/J/Z-85, TC511000P/J/Z-10 
TC511000P/J/Z-12 



'E: "TF" pin should be connected to Vil level or open, if 
"Test Mode" is not used. 














TC5110OOP/J/Z-85, TC5110OOP/J/Z-10 
TC511000P/J/Z-12 


CYCLE (WRITE) 


















TC511000P/J/Z-85, TC511000P/J/Z-10 
TC511000P/J/Z-12 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



NOTE: "TF" pin should be connected level or open, if "Test Mode" 
is not used. 
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TC5110OOP/J/Z-85, TC5110OOP/J/Z-10 
TC511000P/J/Z-12 


DESCRIPTION OF THE TEST MODE FOR IM DRAMS 

The TC511000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bits. 

The “Test Mode” function allows for a IM DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all “H” 

or all “L”) and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 


Block Diagram in Test Mode 


An, Am 



TF Pin = Super voltage; Test Mode 
TF Pin = Low level or Hi-Z; Normal 


Truth Table in Test mode Function 


A B C D 

DOUT 

0 1 

0 

0 1 

0 

0 

1 I 

1 

1 

1 

1 

othen^ise 

Hi-Z 


Fig. 1 
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TC5110OOP/J/Z-85, TC5110OOP/J/Z-10 
TC51IOOOP/J/Z-12 


DESCRIPTION OF THE TEST MODE FOR IM DRAMS (CONTINUED) 

The “Test Mode” function is enabled by applying a “Super Voltage” (VCC+4.5V, max. voItage=10.5V) on the “TF” 
pin for a specified period (tTES and tTEH as shown in figure 2). It can be used while operating in any mode, 
including static column mode. It achieves a 4:1 reduction in test time for N patterns and a 16:1 reduction in test time 
for N^ patterns. The A9 address input is ignored during the “Test Mode”. 

During normal operation or when the “Test Mode” function is not used, the “TF’ pin must be connected to VSS or 
TTL Logic Low Level, or left unconnected on the printed wiring board. 
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TC5110OOP/J/Z-85, TC5110OOP/J/Z-10 
TC511000P/J/Z-12 


• Plastic DIP 


Unit in mm 


la 17 16 15 14 13 12 11 10 





Note: Each lead pitch is 2.5Amm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No.18 leads. 

All dimensions are in millimeters. 
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TC511000P/J/Z-85, TC511000P/J/Z-I0 
TC511000P/J/Z12 


• Plastic SOJ 

Unit In mm 



12 3 4 5 ' 9 10 1112 13 



I 3 5 -r 3 11 13 15 17 19 



2 4 8 8 12 14 16 18 ?0 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TOSHIBA MOS MEMORY PRODUCT 


1,048,576 WORDS X 1 BIT DYNAMIC RAM 

SILICON GATE CMOS 

DESCRIPTION 


TC511001 p/j/z-es, TG511001P/J/Z-10 
TC511001P/J/Z-12 


The TC511001P/J/Z is the new generation dynamic RAM organized 1,048,576 words by 1 
bit. The TC511001P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC511001P/J/Z to be packaged in a 
standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package 
size provides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families such 
as Schottky TTL. The special feature of TC511001P/J/Z is nibble mode, allowing the user 
to serially access 4 bits of data at a high data rate. "Test Mode" function is imple¬ 
mented from Revision C. 


FEATURES 

• 1,048,576 words by 1 bit organization 

• Fast access time and cycle time 



TC511001P/J/Z-85 

-10-12 

^RAC 

RAS Access Time 

85ns 

100ns 

120ns 

tAA 

Column Address 
Access Time 

45ns 

50ns 

60ns 

‘^CAC 

CAS Access Time 

30ns 

35ns 

40 ns 

tRC 

Cycle Time 

165ns 

190ns 

220ns 

tNCAC 

Nibble Mode 
Access Time 

20ns 

20ns 

25ns 


Nibble Mode 
Cycle Time 

40ns 

40ns 

50ns 


• Single power supply of 5V±10% with a built-in 
Vqq generator 

PIN CONNECTION (TOP VIEW) 


• Low Power: 

385mW MAX. Operating (TC511001P/J/Z-S5) 
330mW MAX. Operating (TC511O01P/J/Z-i0) 
275mW MAX. Operating (TC511001P/J/Z-12) 
5.5mW tIAX. Standby 

• Output unlatched at cycle end allows 

two-dimensional chip selection 

• Common I/O capability using "EARLY 

WRITE" operation _ 

• Read-Modify-Write, CA"S' before RAS re¬ 

fresh, RAS-only refresh. Hidden refresh, 
Nibble Mode and Test Mode capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP: TC511001P 

Plastic SOJ: TC511001J 
Plastic ZIP: TC511001Z 
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TC511001P/J/Z-85, TC511001P/J/Z-10 
TC511001P/J/M2 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VIN 

-1 '\.7 

V 

1 

Test Mode Input Voltage 

VIN(TF) 

-1 '>^10.5 

V 

1 

Output Temperature 

VOUT 

-1 % 7 

V 

1 

Power Supply '^^oltage 

vcc 

-1-^7 

V 

1 

Operating Temperature 

topr 

0 '\.70 

“C 

1 

Storage Temperature 

TsTG 

-55 '^.150 

“C 

1 

Soldering Temperature • Time 

TsOLDER 

260 • 10 

°C* sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

lOUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VIH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VIL 

Input Lox 7 Voltage 

-1.0 

- 

0.8 

V 

2 

VlH(TF) 

Test Enable Input High Voltage 

^^CC+A. 5 

- 

10.5 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc=5±10%, Ta=0'^^70°C) 


SYMBOL 

PARAMETER 





icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRr=tRr: MIN.) 

rC511001B<r/2-85 

- 

Kl 

mA 

3,'': 

TC51100IB<I/2-10 

- 

mm 

mA 

TC511001EO>2-12 

- 


mA 


ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAJ=Vth) 

■ 

2 

mA 

3 

^CC3 

RAS only REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
Cycling, C^=Vth: tRC=tRC MIN.) 

TC5U0Oi:&<r/2-85 

- 

m 

mA 

3 

TC 51100 IB<r/Z -10 

- 

■aa 

mA 

TC51100IE<r/2-12 


■aa 

mA 

ICC4 

NIBBLE MODE CLTIRENT 

Average Power SuddIv Current, Nibble Mode 
(RAS=VlL> CAS Cycling: t7^c=tNC MIN.) 

TC511001P/<r/2-85 

- 

HI 

mA 

B 

TC 51100 lB<r/2-10 

~ 

HI 

mA 

TC511001PXr/2-12 

- 

HI 

mA 

^CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=Ca^=Vcc-0.2V) 

1 

■ 

mA 

B 

Tcc6 

CAS BEFORE RAS REFERSH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: ^RC=t^RC MIN.) 

TC511001B<r/2-85 


HI 

mA 

3 

TO 51100 lE<r/2-10 

- 

HI 

mA 

TC511001B<r/2-12 

- 

HI 

mA 

Il(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (0 V<Vini6.5V, 

All Other Pins Not Under Test=0V) 

-10 

10 

UA 

B 

IlTF(L) 

INPUT LEAKAGE CURRENT-(only TF) 

(OV gViNdF) S0*8V, All Other Pins Not Under Test = OV) 

-10 

10 

UA 


^O(L) 

'output LEAKAGE CURRENT 
(Dqut is disabled, OV = Vqut = *5^) 

-10 

10 

UA 


Itf 

TEST FUNCTION INPUT CURRENT 
(Vcc+4.5VgViN(TF) S 10.5V) 

- 

1 

mA 


VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (iOUT=-5mA) 

m 

- 

V 

H 

VoL 

OUTPUT LEVEL 

Outout "L" Level Voltaee (IoUT=^. 2niA) 

- 

0.4 

V 
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TC511001P/J/Z-85, TC511001P/J/M 0 
TC511001P/J/M2 


tLECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0'>.70“C) (Notes 


5, 6, 7) 



PARAMETER 


tRc I Random Read or Write Cycle Time 


^RWC Read-Write Cycle Time 


%C Nibble Mode Cycle Time 


^NRM^^ Nibble Mode Read-Write Cycle Time 


*-RAC Access Time from ElAS 


^CAC Access Time from CAS 


*-AA Access Time from Column Address 


^NCAC Nibble Mode Access Time 


tCLZ CAS to Output in Low-Z 


toFF Output Buffer Turn-Off Delay 


tT Transition Time (Rise and Fall) 


tRP RAS Precharge Time 


tRAS RAS Pulse Width 


^RSH RAS Hold Time 


tCSH CAS" Hold Time 


CAS Pulse Width 


RAS to CaS' Delay Time 


tR^ RAS to Column Address Delay Time 


tCRP ICAS to RAS Precharge Time 


tcpN CAS Precharge Time 


^'ASR Row Address Set-Up Time 


^RAH Row Address Hold Time 


^ASC Column Address Set-Up Time 


^CAH I Column Address Hold Time 


Column Address Hold Time 
referenced to RAS 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command H old Time 
referenced to CAS 


Read Command H old Time 
referenced to RAS 


Write Command Hold Time 


Write Command Hold Time 
referenced to RAS 


TC5110013^/2-85 TC511j001B<r/2-10 TC511001B<r/2-12 


MIN.I MAX. 



























































































































































































































TC5n001P/J/Z-85, TC511001P/J/Z-10 
TC5n001P/J/M2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 


twp 


PARAMETER 




Write Command Pulse Width 


*^RWL I Write Command to RAS Lead Time 


^CWL Write Command to CAS Lead Time 


Data-In Set-Up Time 


Data-In Hold Time 


Data-In Hold Time 
DHR reference to RAS 


*-REF Refresh Period 


^WCS Write Command Set-Up Time 


tcwD to 


^RWD RAS to write Delay Time 


f. Column Address to WRITE 
Delay Time 


^ CAS Set-Up Time 
before RAE) 


^'CHR CAS Hold Time (CAS before RAS) 


RAS Precharge to CAS 
Active Time 


^ CAS Precharge Time 

(CAS before RAS Counter Test) 


^NCAS Nibble Mode Pulse Width 


tNCP Nibble Mode CAS Precharge Time 


^NRSH Nibble Mode RAS Hold Time 


Nibble Mode to WRITE 
Delay Time 


tMDTjT Nibble Mode WRITE Command 
to RAE Lead Time 


Nibble Mode WRITE Command 
to CAS Lead Time 


Test Mode Enable Set-Up Time 
referenced to RAS 


Test Mode Enable Hold Time 
referenced to RAS 


CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=0'^^70°C) 



TG 511CX31P/a>2-8 51TC 5U00IE<P2-10 TO 511001B<r/2-12 







SYMBOL 

PARAMETER 

Cll 

Input Capacitance (A0'^A9, Din) 

CI2 

Input Capacitance (RAS, CAS, WRITE, TF) 

Co 

Output Capacitance (Dqut) 













































































































































































TC511001P/j/z-es, TC511001P/J/Z-10 
TC511001P/J/Z-12 


NOTES; 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2, All voltage are referenced to Vgg. 

3- ICC1> ICC3> ICC4> ICC6 depend on cycle rate. 

^CC1» ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycles are required. 

6. AC measurements assume t'j;=5ns. 

7. VjHCmin.) and VxLCmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vxh and Vxx,-' 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either or tppH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. %cs> ^RWD’ ^CWD ^AWD restrictive operating parameters. They are 

included in the data sheet as electrical characteristics only. If t^cs ^^WCS 
(min.), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; If ^ tp^(min.) , 

^CWD i ^AWD S ^AWDcycle is a read-write cycle and the 

data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the tpcD(niax.) limit insures that met. 

tpcoCinax.) is specified as a reference point only: If tpcx) is greater than 
the specified tpQD(max.) limit, then access time is controlled by tCAC* 

14. Operation within the tpAD(max.) limit insures that tpAcCroax.) can be met. 
tpAoCniax.) is specified as a reference point only: If tp^D is greater than 
the specified tpAD(max.) limit, then access time is controlled by tAA* 


— A-109 — 



TC511001P/J/Z-85, TC511001P/J/Z-10 
TC511001P/J/Z-12 


TIMING WAVEFORMS 



WRITE CYCLE (EARLY WRITE) 



Mode” is not used. 
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TC511001P/J/Z-85, TC511001P/J/Z-10 
TC511001P/J/Z-12 


READ-HRITE CYCLE 



NOTE; "TF" pin should be connected to level or open, if "Test 
Mode" is not used. 
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TC511001P/J/Z-85, TG511001P/J/Z-10 
TC511001P/J/Z-12 


NIBBLE MODE READ CYCLE 

































TC511001 p/j/z-es, TC511001P/J/Z-10 
TC511001P/J/Z-12 


NIBBLE MODE READ-I^mITE CYCLE 



NOTE: "TF" pin should be connected to level or open. 


— A-113 — 







TC511001 P/J/Z-eS, TC511001P/J/Z-10 
TC511001P/J/Z-12 


RAS ONLY REFRESH CYCLE 



VqH — 

Dout - OPEN 

Vql - 


NOTE; IVRITE="H" or "L", A9="H" or "L" 




iijjii or "L" 


CAS BEFORE RAS REFRESH CYCLE 



NOTE: l^RITE="H" or "L", A0'^'A9="H" or "L” 

"TF"- pin should be connected to level or open, if "Test 
Mode" is not used. 
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TC511001P/J/Z-85, TG511001P/J/Z-10 
TC511001P/J/Z-12 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



















TC511001P/J/Z-85, TC5! 1001P/J/Z-10 
TC511001P/J/Z-12 


HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (^JRITE) 



NOTE: "TF" pin should be connected to level or open, if "Test 
Mode" is not used. 
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TC511001P/J/Z-85, TC511001P/J/Z-10 
TC511001P/J/Z-12 

Al'PLICATION INFORMATION 
ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within 
the TC511001P/J/Z are multiplexed onto the 10 address inputs and latched into the on- 
chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
latches the 10 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the 
address multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. This 
"gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (Cr^h) has been satisfied and the address inputs, 
have been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE 
or CAS) to make its ^negative transition is the strobe for the Data In(Djjj) register.. 
This permits several options in the write cycle timing. In a write cycle, if the 
WRITE input is brought low(active) prior to CAS, the Dj^ is strobed by CaS and the 
set-up and hold times are referenced to CA8. If the input data is not available at 
CAS time or if it is desired that the cycle be a read-write cycle, the T^ITE signal 
will be delayed until after CAS has made is negative transition. In this "delayed 
write cycle" the data input set-up and hold times are referenced to the negative 
edge of WRITE rather than CAS. (To illustrate this feature, DjN is referenced to 
Write in the timing diagrams depicting the read-write and nibble mode write cycles 
while the "early write" cycle diagram shows Djn referenced to CAS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active(low). Data read from the selected cell will be avialable at the output 
within the specified access time. 


— A-11 7 — 



TC511001 p/j/z-es, TC511001P/J/Z-10 
TC511001P/J/Z-12 


DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) TC511001P/J/Z is the high 

impedance (open circuit) state. This is to say, anytime CAS is at a high level, the 
Dqut pin will be floating. The only time the output will turn on and contain either 
a logic 0 or logic 1 is at access time during a read cycle. Dqut will remain valid 
from access time until CAS is taken back to the inactive (high level) condition. 


NIBBLE MODE 


Nibble mode operation allows faster successive data operation on 4 bits. 

The first of 4 bits is accessed in the usual manner with read data coming out at 
tcAC time. By keeping RAS low, CAS can be cycled up and then down, to read or write 
the next three pages at high data rate (faster than t^Ac) • column addresses 

need only be supplied for the first access of the cycles. From then on, the falling 
edge of CaS will activate the next bit. After four bits have been accessed, the 
next bit will be the same as the first bit accessed (wrap-around method). 


:: 


(0, 0)-(0, 1)-(1, 0) 


( 1 , 1 ) 


□ 


Address A9 determines the starting point of the circular 4 bits nibble. Row A9 
and column A9 provide the two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00 -»■ 01 -»■ 10 ->■ 11 
with A9 row being the least significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any conbinations 
of reads and writes or late writes will be allowed. In addition, the circular wrap¬ 
around will continue for as long as RAS is kept low. 

Ms ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory 
cycle at each of the 512 row address (AO'vAS) within each 8 millisecond time 
interval. Although any normal memory cycle x^ill perform the refresh operation, 
this function is most easily accomplished with "RAS-only" cycles. 
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TC511001P/J/Z-85, TGSn 001P/J/Z-10 
TC511001P/J/Z-12 


CAS BEFORE RS? REFRESH 

CAS before RAS refreshing available on the TC511001P/J/Z offers an alternate 
refresh method. If CAS is held on low for the specified period (Ccsr) before 
RAS goes to low, on chip refresh control clock generators and the refresh address 
counter are enabled, and an internal refresh operation takes place. After the 
refresh operation is performed, the refresh address counter is automatically in¬ 
cremented in perparation for the next CAS before RAS refresh operation. 


HIDDEN REFRESH 

An optional feature of the TC511001P/J/Z is that refresh cycles may be 
performed while maintaining valid data at the output pin. This referred to as 
Hidden Refresh. Hidden Refresh is performed by holding CAS at Vjl and taking 
RAS high and after a specified precharge period (t^), executing a CAS before 
RAS refresh cycle. (see Figure below) 


RAS 


CAS 


Dqut 



This feature allows a refresh cycle to be "hidden" among data cycles without 
affecting the data availability. 
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TC511001P/J/Z-85, TC511001P/J/Z-10 
TC511001P/J/Z-12 


CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC511001P/J/Z can be tested by CAS BEFORE 
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the 
internal counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as ini¬ 
tialization cycles. The test procedure is as follows. 


(D Write "0" into all the memory cells at normal write mode. 

(2) Select one certain column address and read ”0" out and write "1" in each cell 
by performing ^ BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 

Repeat this operation 512 times. 

( 3 ) Check "1" out of 512 bits at normal read mode, which was written at . 

( 4 ) Using the same column as @, read "1" out and write "0" in each cell per¬ 
forming CAS BEFORE MS REFRESH COUNTER TEST. 

Repeat this operation 512 times. 

( 5 ) Check "0" out of 512 bits at normal read mode, which was written at . 

@ Perform the above to (5) the complement data. 
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TG511001P/J/Z-85, TCS11001P/J/Z-10 
TC511001P/J/Z-12 


DESCRIPTION OF THE TEST MODE FOR IM DRAMS 

The TC511000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bits. 

The “Test Mode” function allows for a IM DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all “H” 

or all “L”) and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 


Block Diagram in Test Mode 



TF Pin = Super Voltage; Test Mode 
TF Pin = Low Level or Hi-Z; Normal 


Truth Table in Test Mode Function 


A B C D 

DoUT 

0 

0 

0 

0 

0 

1 

1 1 

1 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 


— A-121 — 










TC511001P/J/Z-85, TC511001P/J/Z-10 
TC511001P/J/Z-12 


DESCRIPTION OF THE TEST MODE FOR IM DRAMS (CONTINUED) 

The “Test Mode” function is enabled by applying a “Super Voltage” (VCC+4.5V, max. voltage=10.5V) on the “TF” 
pin for a specified period (tTES and tTEH as shown in figure 2) It can be used while operating in any mode, 
including static column mode. It achieves a 4:1 reduction in test time for N patterns and a 16:1 reduction in test time 
for N^ patterns. The A9 address input is ignored during the “Test Mode” 

During normal operation or when the “Test Mode” function is not used, the “TF’ pin must be connected to VSS or 
TTL Logic Low Level, or left unconnected on the printed wiring board. 



Fig.2 Test Mode Cycle 
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TC511001 p/j/z-eo, TC51 lOOlP/J/Z-10 
TC511001P/J/Z-12 


OUTLINE DRAWINGS 


• Plastic DIP 

Unit in nun 


la 17 16 15 14 13 12 11 10 



123 45 6789 



Note: Each lead pitch is 2.5Annn. 

All leads are located within 0.25iiun of their true longitudinal position 
with respect to No.l and No.18 leads. 

All dimensions are in millimeters. 
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TG511001P/J/Z-85, TC511001P/J/Z-10 
TC511001P/J/Z-12 


Plastic SOJ 


Unit in ram 


17.0a ~ 17.27 


j 


26 25 24 23 22 

18 17 16 lo 14 

1 n r-i n n n 



p n n m ri 

i 

- 7.7 4 




k i 


oj 



Li LU U 

u u u u u 


0.9TYP. 




Plastic ZIP 


Unit in mm 



CflUAX 




2 4 9 8 12 14 IS 13 ?0 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any 
circuitry described; no circuit patent licenses are implied, 
and Toshiba reserves the right, at any time without notice, 
to change said circuitry. 
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TOSHIBA MOS MEMORY PROOUCT 


1,048,576 WORDS X 1 BIT DYNAMIC RAM 

SILICON GATE CMOS 


TC511002P/J/Z-85, TC511002P/J/Z-10 
TC511002P/J/Z-12 


DESCRIPTION 

The TC511002P/J/Z is the new generation dynamic RAM organized 1,048,576 words by 1 
bit. The TC511002P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC511002P/J/Z to be packaged in a 
standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package 
size provides system bit densities and is compatible with widely available automated test¬ 
ing and insertion equipment. System oriented features include single power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families such 
as Schottky TTL. "Test Mode" function is implemented from Revision C. 


FEATURES 


• 1,048,576 words by 1 bit organization 

• Fast access time and cycle time 



TC511002P/J/Z-85 

-10-12 

^PJ^C RAS Access Time 

85ns 

100ns 

120ns 

*^AA 

Column Address 
Access Time 

45ns 

50ns 

60ns 

tCAC 

CS Access Time 

25 ns 

25ns 

30 ns 

*^RC 

Cycle Time 

165ns 

190ns 

220ns 

^SC 

Static Column 
Mode Cycle Time 

50ns 

55ns 

65ns 


• Single power supply of 5V±10% with a built-in 


Vbb generator 
PIN CONNECTION (TOP VIEW) 


Low Power 

385mW MAX. Operating (TC511002P/J/Z-85) 
330raW MAX. Operating (TC511002P/J/Z-10) 
275mW MAX. Operating (TC511002P/J/Z-12) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows 
two-dimensional chip selrction 

Common I/O capability _ 

Read-Modify-Write, CS before RAS refresh, 
RAS-only refresh. Hidden refresh. Static 
Column Mode and Test Mode capability. 

All inputs and output TTL compatible 
512 refresh cycles/8ms 
Package Plastic DIP: TG511002P 
Plastic SOJ; TC511002J 
Plastic-ZIP: TC511002Z 


Plastic DIP 


Plastic SOJ 


Dm 

RAS 

TP 

AO 

A1 

A2 

Asq 

VccO 


QI 


PVS3 


Pin 


3 Pout white 
HAS q 

1A9 

N.c.d 



pPoUT 



PIN NAMES 


AO 

Address Inputs 

MS’ 

Row Address Strobe 

Din 

Data In 

Dqut 

Data Out 

CS- 

Chip Select Input 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

TF 

Test Function 

N.C. 

No Connection 


Plastic ZIP 


A9 

T] r- 

03 


::4 -3 

Pout 



Pin 

5 • r-' 

Vss 


WRITS' 

HAS 



7 • P-- 

TP 

L?. 

N.C. 

9 : 

--T 


AO 

XI: '■*" 

A1 


A2 

13: r” 

A3 

At 

Vcc 

isj r--\ 

r-n as 

A4 

AS 

17! r• • 



A6 

A7 


AS 


BLOCK DIAGR.4M 
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TC511002P/J/Z-85, TC511002P/J/Z-10 
TC5n002P/J/Z-12 




ITEM 


Input Voltaee 


Test Function Input Voltage 


Output Voltage_ 


Power Supply Voltaee 


Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 


SYMBOL 


IHSSICSII 


VOUT 


Vcc 


topr 


tstg 


TSOLDER 


RATING 


-1 -y 7 


-1 -y 10.5 


-1 'y 7 


-1 -y 7 


0 -y 70 


-55 'yl50 


260 • 10 


600 


50 



C • sec 


mW 


mA 



RECOMMENDED DC OPERATING CONDITIONS (Ta=070°C) 


SYMBOL PARAMETER 


"CC Supply Voltage 


ViH _ Input High Voltag e_ _ 

VjL Input Lox 7 Voltage 


”TH(TF)I Test Enable Input High Voltage 





L^IT NOTES 


V 2 


V 2 


V 2 


V 2 



DC ELECTRICAL CHARACTERISTICS (Vcc=5±10%, Ta=0'^^70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX. 

UNITSiNOTES 

^CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, C^, Address Cycling; tRC=tRC MIN.) 

TC511002P/i/2-85 

- 

m 

mA 

■ 

TC511002B<P'Z-10 

- 

60 

mA 

TC511002E<r/2-12 

- 

50 

mA 

^CC2 

STANDBY CUPJIENT 

Power Supply Standby Current 
(RAS=C?=Vih) 

B 

2 

mA 

■ 

ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, ^“VxRJ MIN.) 

TC511002B<7/Z-85 

- 


mA 

3 

TC5U002EC/2-10 

- 

60 

mA 

TC511002P/J/3-12 


HI 

mA 

^CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 
Mode(RAS=CS=ViL, Address Cycling: tsc=tsc MIN.) 

TC511002P/J’/2-35 

- 

HI 

mA 

1 

TC511002EO'/Z-10 

- 

40 

mA 

TCSllOOgBOVZ-lS 

- 

30 

mA 

^CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=Vcc-0.2V) 

fl 

1 

mA 

■ 

ICC6 

CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, ^ Before 

RAS Mode (RAS, CS Cycling: tRC=tRC MIN.) 

TC511002P/<P-2-B5 


HI 

mA 

3 

TC5U002BC/2-10 

- 

60 

mA 

TC51100 2E'Z/S-12 

- 

HI 

mA 

^I(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (OViViHgb.5V, 

All Other Pins Not Under Test=OV) 

-10 

10 

pA 

■ 

^ITF(L) 

INPUT LEAKAGE CURRENT (only TF) 

(0VgVxN(TF)^D'8V, All Other Pins Not Under Test=0V) 

-10 

10 

pA 


^O(L) 

OUTPUT LEAKAGE CURR,ENT 

(Dqut is disabled, 0V£V0UT^+5.5V) 

-10 

10 

H 


Itf 

TEST FUNCTION INPUT CURRENT 
(Vcc+^.5V<Vxn(TF) < 10.5V) 

- 

1 

mi\ 


^OH 

OUTPUT LEVEL 

Output "H" Level Voltage (louT”"^’’^^ 

2.4 

- 

V 


VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT=‘^ • 2mA) 

- 

0.4 

V 

H 
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TC511002P/J/Z-85, TG511002P/J/M 0 
TC511002P/J/M2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0'^^70°C) (Notes 5, 6, 7) 


UNIT NOTES 


TG511002E<r/2-35 TC.-jlinOSB^T/S-lO TC511002E^/2-12 




SYMBOL 

PARAMETER 


Random Read or Write Cycle 

'■RC 

Time 

tRWC 

Read-Write Cycle Time 

^SC 

Static Column Mode Cycle Time 

^SRWC 

Static Column Mode Read Write 
Cycle Time 

*^RAC 

Access Time from RAS 

^CAC 

Access Time from CS 


Access Time from Column 

Address 

tALW 

Access Time from Last Write 

CCLZ 

CS to Output in Low-Z 

t^OFF 

Output Buffer Turn-off Delay 

*^AOH 

Output Data Hold Time from 

Column Address 

*^OW 

Output Data Enable Time from 
WRITE 

‘^WOH 

Output Data Hold Time from 

WRITE 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

*^RAS 

RAS Pulse Width 

t 

RAS Pulse Width 

RASC 

(Static Column Mode) 

•^RSH 

^ to RAS" Hold Time 

tCSH 

RAS to CS" Hold Time 

tcs 

CS" Pulse Width 

t^CSC 

CS Pulse Width 
(Static Column Mode) 

tRCD 

RAS to CS Delay Time 

^RAD 

RAS to Column Address Delay 

Time 

tCRP 

^ to RAS" Precharge Time 

^CP 

^ Precharge Time 
(Static Column Mode) 

*^ASR 

Row Address Set-Up Time 

*^RAH 

Row Address Hold Time 

*^ASC 

Column Address Set-Up Time 

*^CAH 

Column Address Hold Time 

*^AWR 

Write Address Hold Time 
referenced to RAS 

*^AR 

Column Address Hold Time 
referenced to RAS 

’^RAL 

Column Address to RAS Lead 

Time 
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TC511002P/J/Z-85, TC511002P/J/Z-10 
TC51I002P/J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (continued) 



PARAMETER 


TC511002P/<r/2-3 5 |lC511002B<r/2-10 TC5110C2E^/2-12 


MIN. I MAX. 


Column Address Ho ld Time 
referenced to RAS Rise 


^CWL I Write Command to CS Lead Time 


Last Write to Column Address 
Delay Time 


^»TlTTTl Last Write to Column Address 
Hold Time 


Read Command Set-Up Time 
referenced to CS" 


Read Command Hold Time 
referenced to ^ 


Read Command Hold Time 
referenced to RAS 


Write Command Hold Time 
(Output Data Disable) 


Write Command Hold Time 
referenced to RAS 


Write Command Pulse Width 


Write Command Inactive Time 


^^RIi/L I Write Command to RAS Lead Time I 20 


Data-In Set-Up Time 


^DH Data-In Hold Time 


Data-In Hold Time 
referenced to RAS 


^REF I Refresh Period 


Write Command Set-Up Time 
(Output Data Disable) 


CS to. WRITE Delay Time 
CWD (READ-WRITE CYCLE) 


RAS to WRITE Delay Time 
(READ-WRITE CYCLE) 


Column Address to WRITE 
Delay Time 


t___ CS Set-Up T ime 
(CS before RAS) 


CS Hold Time 
(CS before R^) 


tRpc RAS Precharge to CS 
Active Time 


C)S' Precharge Time 

(C^ before RAS Counter Test) 


*^CPN CS Precharge Time 


Ctes Test Mode Enable Set-Up Time 
referenced to RAS 


Test Mode Enable Hold Time 
referenced to RAS 






































































































































































TC511002P/J/Z-85, TC5n002P/J/Z-10 
TC511002P/J/Z-12 


CAPACITANCE (Vcc=5V±10%, f-lMHz, Ta^o^io-C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (AO 'v.A9, Dxn) 

- 

5 

pF 

CI2 

Input Capacitance (RAS, CS, WRITE, TF) 

- 

7 

Co 

Output Capacitance (Dqut) 

- 

7 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vss- 

3. ICC1> ICC3, ICC4, ICC6 depend on cycle rate. 

^CC1> ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200 ps is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of 8 CS* Before RAS intializa- 
tion cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t'];=5ns. 

7. VxH(™in.) and VixCmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjy and Vj^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toppCmax.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tj^^jj or tgj^ must be satisfied for a read cycle. 

11. These parameters are referenced to ^ leading edge in early write cycles and to 
WRITE leading edge in read-write cycles. 

12. tws» bcwD and tAWD are not restrictive operating parameters. They are 

included in the data sheet as electeical characteristics only. If tyg =t^^g(min.) 
and t^^ =twH(min.), the cycle is an early write cycle and data out pin will remain 
open circuit (high impedance) throughout the entire cycles; If tRUD = tRWD(niin.) , 
^CWD = ) and t ai® = t awd .) , the cycle is a read-write cycle and the 

data out will contain data read from the selected cell: If neither or the above 
sets of conditions is satisfied, the condition of the data out (at access time) 

is indeterminate. 

13. Operation within the tRCD(max.) limit insures that tRAcC™^^*) be met. tRCD 

(max.) is specified as a reference point only: If tR^Q is greater than the spec- 

ilied tRCD(max.) limit, then access time is controlled by t^AC* 

14. Operation within the tRAD(™ax.) limit insures that tRAc(inax.) can be met. 
tRAD(“^x.) is specified as a reference point only: If tRAD is greater than the 
specified tRAD(max.) limit, then access time is controlled exclusively by tAA* 

15. Operation within the tLWAD^^^^') limit insures that tALwC™^^*) can be met. t^^AD 

(max.) is specified as a reference point only: If tL^AD is greater than the spec¬ 

ified tLWAcCitax.) limit, then access time is controlled exclusively by tAA* 

16. t^jj is the condition to latch column address when RAS has rised up. 


— A-129 - 




TC511002P/J/Z-85, TC511002P/J/Z-10 
TC511002P/J/Z-12 


READ-WRITE CYCLE 



NOTE: "TF" pin should be connected to Vjl level or open, if "Test Mode" 
is not used. 


30 - 





























TC511002P/J/Z-85, TC511002P/J/Z-10 
TC511002P/J/Z-12 

TIMING WAVEFORMS 




is not used. 
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TC511 002P/J/Z-85, TC511 002P/J/Z-10 
TC5n002P/J/Z-12 


STATIC COLUMN MODE READ CYCLE 


RAS 


A0~A9 


CS 


write 


DqUT 



STATIC COLUMN MODE >vRITE CYCLE (EARLY l^JRITE) 




NOTE; "TF" pin should be connected to Vjl level or open, if "Test 
Mode" is not used. 
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TC511002P/J/Z-85, TC511002P/J/Z-10 
TC5n002P/J/Z-12 


STATIC COLUMN MODE READ-WRITE CYCLE 



STATIC COLUMN MODE READ/TOITE MIXED CYCLE 



"TF" pin should be connected to level or open, if "Test Mode" 
is not used. 




















TC511002P/J/Z-85, TC511002P/J/Z-10 
TC511002P/J/Z-12 


RAS ONLY REFRESH CYCLE 











TC511002P/J/Z-85, TC511002P/J/Z-10 
TCS1f002P/J/Z-I2 


HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (l^RITE) 



’^OL - 


NOTE: 




"H"or"L" 

"TF" pin should be connected to level or open, if "Test 
Mode" is not used. 


35 — 



















TC511002P/J/Z-85, TC511002P/J/Z-10 
TC511002P/J/Z-12 


CS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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TC511002P/J/Z-85, TG511002P/J/Z-10 
TC511002P/J/Z-12 


DESCRIPTION OF THE TEST MODE FOR IM DRAMS 

The TC511000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bits. 

The “Test Mode” function allows for a IM DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all “H” 

or all “L”) and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 


Block Diagram in Test Mode 


An, Am 



TF Pin = Super voltage; Test Mode 
TF Pin = Low level or Hi-Z; Normal 


Truth Table in Test Mode Function 


A B C D 

Dqut 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 
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TC511002P/J/Z-85, TC511002P/J/Z-10 
TC511002P/J/Z-i2 


DESCRIPTION OF THE TEST MODE FOR IM DRAMS (CONTINUED) 

The “Test Mode” function is enabled by applying a “Super Voltage” (VCC+4.5V, max. voltage=10.5V) on the “TF” 
pin for a specified period (tTES and tTEH as shown in figure 2). It can be used while operating in any mode, 
including static column mode. It achieves a 4:1 reduction in test time for N patterns and a 16:1 reduction in test time 
for N^ patterns. The A9 address input is ignored during the “Test Mode” 

During normal operation or when the “Test Mode” function is not used, the “TF” pin must be connected to VSS or 
TTL Logic Low Level, or left unconnected on the printed wiring board. 
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TC511002P/J/Z-85, TC511OOZP/J/Z-10 
TC511002P/J/Z-12 


OUTLINE DRAWINGS 

Plastic DIP 

Unit in mm 


18 17 16 15 14 13 12 11 10 





Note; Each lead pitch is 2.5Amm. All leads are located within 0.25ram of 

their true longitudinal position with respect to No.l and No.18 leads. 
All dimensions are in millimeters. 
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TC511002P/J/Z-85, TC511002P/J/Z-10 
TC511002P/J/Z-12 


Plastic SOJ 


Unit in mm 



Plastic ZIP 

Unit in mm 



2 4 S 8 12 14 16 18 ?0 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TOSHIBA MOS MEMORY PRODUCT 


262,144 WORDS X 4 BIT DYNAMIC RAM 

SILICON GATE CMOS 

DESCRIPTION 


TC514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/Z-12 


The TC514256P/J/Z is the new generation dynamic RAM organized 262,144 words by 4 
bit. The TC514256P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and to 
the system user. Multiplexed address inputs permit the TC514256P/J/Z to be packaged in a 
standard 20 pin plastic DIP and 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The 
package size provides high system bit densities and is compatible with widely available 
automated testing and Insertion equipment. System oriented features Include single power 
supply of 5V±10% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 


FEATURES 


• 262,144 words by 4 bit organization 

• Fast access time and cycle time 




TC514256P/J/Z-85 

-10-12 

tRAC 

RA8 Access Time 

85ns 

100ns 

120ns 

*^AA 

Column Address 
Access Time 

45n3 

50ns 

60ns 

tCAC 

CAS Access Time 

30ns 

30ns 

35 ns 

tRC 

Cycle Time 

165ns 

190ns 

220ns 

J^PC 

Fast Page Mode 
Cycle Time 

50ns 

55ns 

70ns 


• Single power supply of 5V±10% with a built- 
in Vgg generator 


Low Power 

413mW MAX. Operating(TC514256P/J/Z-85) 
358mW MAX. Operating(TC514256P/J/Z-10) 
303raW MAX. Operating(TC514256P/J/Z-12) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows 
two-dimensional chip selection 
Read-Modify-Write, CA8 before RAS 
refresh, RAS-only refresh. Hidden 
refresh, and Fast Page Mode capability 
All inputs and outputs TTL compatible 
512 refresh cycles/8ms 
Package Plastic DIP: TC514256P 

Plastic SOJ: TC514256J 

Plastic ZIP: TC514256Z 


PIN CONNECTION (TOP VIEW) 
Plastic DIP Plastic SOJ 


BLOCK DIAGRAM 


Plastic ZIP 



AO-vAS 

Address Inputs 

Ra5 

Row Address Strobe 

caS 

Column Address Strobe 

WRITE 

Read/Urlte Input 

OE 

Output Enable 

I/OL 'vI/04 

Data Input/Output 

vcc 

Power (+5V) 

vss 

Ground 

N.C. 

No Connection 


l/Ol 1/103 I/T33 1/04 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/M2 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

ViN 

-1^7 

V 

1 

Output Voltage 

VOUT 

-1 -V 7 . 

V 

1 

Power Supply Voltage 

vcc 

-1 7 

V 

1 

Operating Temperature 

Topr 

0 'V, 70 

“C 

1 

Storage Temperature 

Tstg 

-55 150 

“C 

1 

Soldering Temperature • Time 

TsOLDER 

260 . 10 

“C • sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

Tout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0'v70“c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VIL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0'v70»C) 


SYMBOL 

PARAMETER 

BliH 



NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling; tRC=tRC MIN.) 

TC514256E^/2-85 

- 

75 

mA 

B 

TC514256E^/2-10 

- 

65 

TC51«56B<r/2-12 

- 

55 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vih) 

■ 

2 

mA 

■ 

Icc3 

PAS’ ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vih: tRC=tRC MIN.) 

TC51«56E<r/2-85 

- 

75 

mA 

3 

TC514256E^/2-10 

- 

65 

T C514256P/X/2-12 

- 

55 

icc^ 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=VIL,CAS,Address Cycling: tpc=pc MIN.) 

TC514256B<r/2-85 

- 

55 

mA 

B 

TC51-«56B<r/2-10 

- 

45 

TC514256B<r/2-12 

- 

35 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
(^=CA5 =Vcc-0.2V) 

fl 

B 

mA 

B 

^CC^ 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling; tpc=pc MIN.) 

TC514256B<r/2-85 

- 

75 

mA 

3 

TC514256E^/2-10 

- 

65 

TC514256B<r/2-12 

- 

55 

Il(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input (0V<Vjjj<6.5V, All 

Other Pins Not Under Test=0V) 

-10 

10 

yA 

B 

Io(L) 

OUTPUT LEAKAGE CURRENT 

(Dout disabled, OV < Vqut = V^q) 

-10 

10 

yA 

■ 

VOH 

OUTPUT LEVEL 

Output "H" Level VOLTAGE (IouT=-5mA) 

m 

- 

V 

■ 

VoL 

OUTPUT LEVEL 

Output "L" Level VOLTAGE (IouT~^• 2niA) 

- 

0.4 

V 
























































































































TC514256P/J/Z-85, TC514256P/J/M0 
TC514256P/J/M2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc=5V±10%, Ta=0 ''-70‘’C) (Notes 5, 6,7) 


SYMBOL 

PARAMETER 

TC514256E/I/2 

-85 

TC514256^/1/2 
-10 

TC514256P/J/2 

-12 

UNIT 

NOTES 


MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

165 

- 

190 

- 

220 

- 

ns 


*^RMW 

Read-Modify-Write Cycle Time 

225 

- 

255 

- 

295 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

70 

- 

ns 


^PRMW 

Fast Page Mode Read-Modify-Write 
Cycle Time 

110 

- 

115 

- 

140 

- 

ns 

■ 

tRAC 

Access Time from RAS 

- 

85 

- 

100 

- 

120 

ns 

8,13 

^CAC 

Access Time from CAS 

- 

30 

- 

30 

- 

35 

ns 

8,13 

*^AA 

Access Tire from Column Address 

- 

45 

- 

50 

- 

60 

ns 

8,14 

’^CPA 

Access Time from CAS Precharge 

- 

45 

- 

50 


65 

ns 

8,14 

*^CLZ 

CAS to output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

5 

*^OFF 

Output Buffer Turn-off Delay 

0 

30 

0 

30 

0 

35 

ns 

9 

ti 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

^RP 

RAS Precharge Time 

70 

- 

80 

- 

90 

- 

ns 


Ej^l 

RAS Pulse Width 

85 

10,000 

100 

10,000 

120 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

85 

100,000 

100 

100,000 

120 

100,000 

ns 


^RSH 

RAS Hold Time 

30 

- 

30 


35 

- 

ns 


tRSH 

CAS Hold Time 

85 

- 

100 

- 

120 

- 

ns 


*^CAS 

CAS Pulse Width 

30 

10,000 

30 

10,000 

35 

10,000 

ns 


‘^RCD 

RAS to CAS Delay Time 

25 

55 

25 

70 

25 

85 

ns 

13 

*^RAD 

RAS to Column Address Delay Time 

20 

40 

20 

50 

20 

60 

ns 

14 

<^CRP 

CAS to RAS Precharge Time 

10 

- 

10 

- 

10 

- 

ns 



CAS Precharge Time 

15 

- 

15 

- 

20 

- 

ns 


B 

CAS Precharge Time 
(Fast Page Mode) 

10 

- 

10 

- 

15 

- 

ns 

■ 

tASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


*^RAH 

Row Address Hold Time 

15 

- 

15 

- 

15 

- 

ns 


•^ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


•^CAH 

Column Address Hold Time 

20 

- 

20 


25 

- 

ns 


‘^AR 

Column Address Hold Time 
referenced to RAS 

65 

- 

75 

- 

90 

- 

ns 

■ 

*^RAL 

Column Address to RAS Lead Time 

45 

- 

50 

- 

60 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

10 

’^RCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/Z-12 



PARAMETER 


Read Command Hold Time 
referenced to RAS 


Write Command Hold Time 


Write Command Hold Time 
referenced to RAS 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


Data Set-Up Time 


Data Hold Time 


Data Hold Time Referenced 
to RAS 


Refresh Period 


Write Command Set-Up Time 


CAS to WRITE Delay Time 


RAS to 


Column Address to WRITE 
Delay Time 


CAS Set-Up Time (CAS before - 
RA5 Cycle) 


CAS Hold Time (CAS before RAS 
cycle) 


RAS to CAS Precharge Time 


CAS Precharge Time (CAS before 
RAS Counter Test Cycle) 


RAS Hold Time Referenced to OE 


OE Access Time 


OE to Data Delay 


Output buffer turn off Delay 
Time from OE 


OE Command Hold Time 


TC5142 56P/'J/<Z TC514256P/'J/Z TC514256P/J/Z 
-85 -10 -12 


MIN. MAX. MIN. MAX. MIN. MAX. 



CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=0 yO^C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (Aq “ Ag) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS,CAS,WRITE,OE) 

- 

7 

pF 

Co 

Output Capacitance (I/O^ - I/O 4 ) 

- 

7 

pF 


— A-144 — 







































































































































































TC514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/Z-12 


NOTES: 

1. Stresses greater than those listed under ’’Absolute Maximum Ratings" May cause 
permanent damage to the device. 

2. All voltage are reference to Vgg. 

3. led, Icc3, Icc4, Icc6 depend on cycle rate. 

4. led, Icc4 depend on output loading. Specified value are obtained with the output 
open. 

5. An initial pause of ZOOps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t'j=5ns. 

7. ViijCmin.) and are reference levels for measuring timing of input signals. 

Also, transition times are measured between Vm and 

8. Measurement with a load equivalent to 2 TTL loads and lOOpF. 

9. define the time at which the output achieves the open 
circuit condition and is not referenced to output voltage levels. 

10. Either tRCH ^RRH be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to 
WRITE leading edge in read-modify-write cycles. 

12. *^RWD» *^CWD '-AWD restrictive operating parameters. They are 

included the data sheet as electrical characteristics only. If ty^gity^e(min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high 
impedance) through the entire cycle; If t^yj)^tj^yQ(min.), tQypitQyj)(min.) and 
*^AWD^*^AWD^°'^"*^ cycle is a read-modify-write cycle and data out will contain 

data read from the selected cell; If neither of the above sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tp^(^j)(max.) limit Insures that met. 

tRCD(niax.) is specified as a reference point only: If tj^^p is greater than the 
specified tR(]j)(max.) limit, then access time is controlled by tQ^Q. 

14. Operation within the tRAD(max.) limit insures that tRACCn^x.) can be met. 
tRAD(niax.) is specified as a reference point only; If tj^^^ is greater than the 
specified tp^(max.) limit, then access time is controlled by t^. 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/Z-12 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/Z-12 


WRITE CYCLE (OE CONTROLLED WRITE) 




— A-147 — 





















TC514256P/J/Z^85, TC514256P/J/Z-10 
TC5I4256P/J/Z-12 


FAST PAGE MODE READ CYCLE 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
TC5I4256P/J/Z-12 


FAST PAGE MODE READ-MODIFY-^^RITE CYCLE 
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TC514256P/J/Z-85, TC514256P/J/Z-I0 
TC5I4256P/J/Z-12 


ISS ONLY REFRESH CYCLE 



CS? BEFORE RAS REFRESH CYCLE 



Note: WRITE, OE, AO-V'AS :"H"or''L'' 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
TC5142S6P/J/Z-12 


HIDDEN REFRESH CYCLE (READ) 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/Z-12 


HIDDEN REFRESH CYCLE (WRITE) 
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TG514256P/J/Z-85, TC514256P/J/Z-10 
TC5I42S6P/J/Z-12 


caS before r5s refresh counter test cycle 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
TC5I4256P/J/Z-12 

OUTLINE DRAWINGS 

• Plastic DIP 

Unit in mm 


20 19 18 17 16 15 .14 13 12 H 



7.6 2± 0.2 5 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No.20 leads. 

-All dimensions are in millimeters. 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/Z-12 


• Plastic SOJ 


17.0 2 17.2 7 



I 

36 25 24 23 22 

rn n m n n 

-:- 

18 17 16 15 14 

n n n n r -1 




1 




INDEX DOT 


i 


U U U U U ] 



1 2 3 4 5 9 10 11 12 13 




Note: Each lead pitch 1.27niin. 

All dimensions are in millimeters. 
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TC514256P/J/Z-85, TC5I4256P/J/Z-10 
TC514256P/J/Z-12 


• Plastic ZIP 


Unit in nnn 




Note: Each lead pitch is 1.27inm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TOSHIBA MOS MEMORY PRODUCT 


262,144 WORDS X 4 BIT DYNAMIC RAM 

SILICON GATE CMOS 

DESCRIPTION 


TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 


The TC514258P/J/Z is the new generation dynamic RAM organized 262,144 words by 4 bit. 
The TC514258P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well as ad¬ 
vanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC514258P/J/Z to be packaged in a 
standard 20 pin plastic DIP and 20/26 pin plastic SOJ and 20/19 pin plastic ZIP. The 
package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power 
supply of 5V±10% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 


FEATURES 


• 262,144 words by 4 bit organization 

• Fast access time and cycle time 



TC514258P/J/Z-8f 

-10-12 

^RAC RAS Access Time 

85ns 

lOOns 

120ns 

Column Address 
Access Time 

45ns 

50ns 

60ns 

*^CAC CS Access Time 

30ns 

30ns 

35ns 

^RC Cycle Time 

165ns 

190ns 

220ns 

Static Column 
Mode Cycle Time 

50ns 

55ns 

65ns 

• Single power supply of 5V±10% 

with a 

built-in 


Vbb generator 


Low Power 

413mW MAX. Operating (TC514258P/J/Z-85) 
358mW MAX. Operating (TC514258P/J/Z-10) 
303mW MAX. Operating (TC514258P/J/Z-12) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows 
two-dimensional chip select ion 
Read-Modify-Write, ^ before RAS refresh, 
RAS-only refresh. Hidden refresh and 
Static Column Mode capability 
All inputs and outputs TTL complatible 
512 refresh cycles/8ms 
Package Plastic DIP: TC514258P 

Plastic SOJ: TC514258J 

Plastic ZIP: TC514258Z 


PIN CONNECTION (TOP VIEW) 

• Plastic DIP • Plastic SOJ • Plastic ZIP 


BLOCK DIAGRAM 


lAllC 1 
1/02 I 2 


WRITE I 3 
HA?I 4 
N.C. [ S 

AO I a 

All 7 
A2I 8 
A3( 9 
Vcc I 10 


20 JVgs 
1931/04 
18 3^03 
17 ICS 
16 3^ 

IS 3A8 
3A7 
3AS 


12 3A3 
11 3A4 



PIN NAMES 


AO '\-A8 

Address Inputs 

SaJ 

Row Address Strobe 

cs 

Chip Select 

WRITE 

Read/Write Input 

DE 

Output Enable 

I/Ol 0.1/04 

Data Input/Output 

Vcc 

Power (+5V) 

vss 

Ground 

N.C. 

No Connection 


OB 

1/03 

Vsa 

1/02 

RAS 

AO 

A2 

Vcc 

AS 

A7 


IJ r-J 

L4j 

Tel 


= n Lf' 

isi 

ii 

F-1 no 
M r2H 


I/Ol 1/02 1/03 1/04 


C3 

1/04 

I/Ol 


WRITE 

A1 

A3 

A4 

A6 

A8 
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TC514258P/J/Z-85, TC514258P/J/M0 
TC514258P/J/Z-12 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

ViN 

-1 'v. 7 

V 

1 

Output Voltage 

VOUT 

1 

!-• 

V 

1 

Power Supply Voltage 

vcc 

-1 7 

V 

1 

Operating Temperature 

ToPR 

0 70 

“C 

1 

Storage Temperature 

tstg 

-55 -v 150 

“C 

1 

Soldering Temperature • Time 

tsolder 

260 • 10 

®C • sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

lOUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0'v70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VIH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0a.70°C) 


SYMBOL 

PARAMETER 

MIN. 

UNIT 

UNITS 

NOTES 

TcCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS", Address Cycling: tRC=t^RC MIN.) 

TC514258P/J/Z-85 

- 

75 

mA 

■ 

TC514258P/Jx/Z-10 

- 

65 

TC5l4258P/J/'2-12 

- 

55 

ICC 2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=Vih) 

■ 

2 

mA 


TcC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS=Vih: tRQ=tR 0 MIN.) 

TC5l4258P/'J/Z-85 

- 

75 

mA 

1 

TC514258P/'J/'Z-10 

- 

65 

TC514258P/J/'Z-12 

- 

55 

TcC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 
Mode 

(RAS=CS=Vil, Address Cycling: tsc=tsc MIN.) 

TC514258P/J/Z-85 

- 

75 

mA 

B 

TC514258P/J/'Z-10 

- 

65 

TC514258P/'J/Z-12 

- 

55 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=Vcc-0.2V) 

H 

■ 

mA 


TcC 6 

CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before 

RAS Mode (RAS, CS Cycling: tRc=tj^Q MIN.) 

TC5l42 58P/'J//Z-35 

- 

75 

mA 

3 

TC514258P/J/Z-10 

- 

65 

TC514258P/J/Z-12 

- 

55 

Il(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OVgVjNSS.5V, All Other 

Pins Not Under Test = OV 

-10 

10 

pA 

■ 

IO(L) 

OUTPUT LEAKAGE CURRENT 

(DOUT is disable, 0VSVoUT=5.5V 

-10 

10 

pA 


VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (IouT=--5inA) 

O 

- 

V 


VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut^^ • 2niA) 

- 

0.4 

_ 

V 
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TC514258P/J/Z-85, TC514258P/J/M0 
TC514258P/J/M2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


SYMBOL 


PARAMETER 


(Vc(,=5V±10%, Ta=0'^^70‘’C) (Notes 5, 6, 7) 


UNIT NOTES 


tRC I Random Read or Write Cycle Time | 165 


tRMW Read-Modify-Write Cycle Time 


^sc Static Column Mode Cycle Time 


tcpMU Static Column Mode Read-Modify- _ 
Write Cycle Time 


t^RAC Access Time from RAS 


tCAC Access Time from CS 


tAA Access Time from Column Address 


tALW Access Time from Last Write 


tcLZ CS to Output in Low-Z 


tOFF [Output Buffer Turn-off Delay 


Output Data Hold Time from 
Column Address 


Output Data Enable Time from 
WRITE 


tT [Transition Time (Rise and Fall) 


tRp RAS Precharge Time 


tRAS RAS Pulse Width 


RAS Pulse Width (Static Column 
Mode) 


*^RSH CS to RAS' Hold Time 


‘^CSH RAS to CS Hold Time 


(JS” Pulse Width 


CS" Pulse Width (Static Column 
Mode) 


tRCD RAS to Delay Time 


tRAD RAS to Column Address Delay Timej 20 


tCRP CS to RAS Precharge Time 


tCPN CS Precharge Time 


^ ^ Precharge Time 

CP (Static Column Mode) 


tASR Row Address Set-up Time 


‘-RAH Row Address Hold Time 


^ASC Column Address Set-up Time 


tcAH Column Address Hold Time 


Write Address Hold Time Refer¬ 
enced to RAS 


Column Address Hold Time 
Referenced to RAS 


tRAL [Column Address to RAS Lead Time 


Column Addres s Ho ld Time 
Referenced to RAS Rise 


. Last Write to Column Address 
Delay Time 



85 I 10,000 100 10,000[120 | 10,000[ ns 


85 100,000 100 100,000 120 100,000 ns 
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TC514258P/J/Z-85, TC5I4258P/J/Z-10 
TC514258P/J/Z-12 



tAHLW 


SYMBOL PARAMETER 


Last Write to Column Address 
Hold Time 


Read Command Set-up Time 
Referenced to CS 


Read Command Hold Time 
Referenced to CS 


Read Command Hold Time 
Referenced to RAS 


Write Command Hold Time 
(Output Data Disable) 


Write Command Hold Time 
Referenced to RAS 


WRITE Pulse Width 


WRITE Inactive Time 


WRITE Command to RAS Lead Time 


WRITE Command to CS Lead Time 


Data-In Set-Up Time 


Data-In Hold Time 


Da ta-In Hold Time Referenced 
to RAS 


Refresh Period 


WRITE Command Set-Up Time 
(Output Data Disable) 


S to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 


RAS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 


Column Address to WRITE Delay 
Time 


CS Set-Up Time (CS before RAS) 


CS Hold Time (CS before RAS) 


RAS to CS Precharge Time 


CS Precharge Time (CS before 
RAS counter Test Cycle) 


RAS Hold Time Referenced to OE 


OE Access Time 


OE" to Data Delay 


Output Buffer turn off Delay 
Time from OE* 


OE Command Hold Time 


TC514258P/J/^-l 


MAX. MIN. MAX. MIN. MAX. 


UNIT NOTES 


ns 10 


ns 10 


ns 12 







































































































































































TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 


CAPACITANCE (Vcc=5V±10%, £=lMHz, Ta=0TQ-C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (Ao'^^Ag) 

- 

5 

pF 

Cl 2 

Input Capacitance (RAS, CS, WRITE, OE) 

- 

7 

Co 

Output Capacitance (I/Oi 'v-1/04) 

- 

7 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to Vgg* 

3. led, Icc3, Icc4, Icc 6 depend on cycle rate. 

4. led, Icc4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6 . AC measurements assume t'p=5ns. 

7. VmCmin.) and VjLCmax.) are reference levels for measuring timing of input 
signals. 

8 . Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQppCmax.) and toEz(®^x*) define the time at which the output achieves the open 
circuit condition and is not referenced to output voltage levels. 

10. Either or tj^^ must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and to 
WRITE leading edge in Read-Modify-Write cycles. 

12. tyg, t;^, tRWD> and t^;^ are not restrictive operating parameters. They are 

included the data sheet as electrical characteristics only. If tyg^t^^g(min.), the 
cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) through the entire cycle; If t]RWD^^RWD^™^”’^ 

^AWD^^AWD^mi^*)» cycle is a Read-Modify-Write cycle and the data out will con¬ 

tain data read from the selected cell; If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tj^ 0 j)(max.) limit insures that tR^c(max.) can be met. 
tRCD(®ax.) is specified as a reference point only: If'tj^cj) is greater than the 
specified tRcnCniax.) limit, then access time is controlled by tcAC* 

14. Operation within the tR^(max.) limit insures that tj^Q(max.) can be met. 
tp^(max.) is specified as a reference point only; If tj^ is greater than the 
specified tRAD(max.) limit, then access time is controlled by t^. 

15. Operation within the tLy^(max.) limit insures that t^y(max.) can be met. t^WAD 
(max.) is specified as a reference point only; If tLWAD greater than the speci¬ 
fied tLWAD^™^^’) limit, then access time is controlled exclusively by t^. 

16. t^ is the condition to latch column address when RAS has rised up. 
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TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 


READ CYCLE 


-/ 

ViL - 1 





























WRITE 


RAS 


CS 


AO~Aa 


TOITE 


OE 


t/01- 


TC514258P/J/Z-85, TC514258P/J/Z-10 
TC5I4258P/J/Z-12 


CYCLE (OE CONTROLLED WRITE) 





READ-MODIFY-VJRITE CYCLE 


EZ3 


























TC514258P/J/Z-85, TC514258P/J/Z-10 
TC5I4258P/J/Z-12 

STATIC COLUMN MODE READ CYCLE 


ViH 

ViL 

ViH 

^IL 

ViH 

^IL 

VlL 


ViL 


IXOl—1/04 

VoL 


HAS 


A0~A8 


CS 


WRITE 
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TG514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 


STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 






















TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 

STATIC COLUMN MODE READ-MODIFY-TOITE CYCLE 


ViH / 
ViL —■ 


ViH — 
ViL — 


COLUMU ADDRESS 
'*^RAD ^ ^ASC ^CAH 


COLUMN ADDRESS 


L/’01-i;/’04 


ViH —■ 
^IL “ 

ViH —^ 
ViL —i 


^I/OH — 
VT/nr. —' 


[ ^QEA 

^AA '^PEZ 


■•^OEH 

-J 

^ALI 

r 

V 


c_ 



■CaA 


CDS 


tow 


’^DH 

J 

tOEA 



r VALID 
DATA-IN 


valid 

DATA-OUT 


VALID 

DATA-OUT 


:"H''or"L'' 
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TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 


STATIC COLUMN MODE READ/WRITE MIXED CYCLE 


RAS 


ViH — 
ViL — 


AO-AS 


CS 


WRITE 


OE 


I/01~I/04 
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TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 


HIPDEN REFRESH CYCLE (READ) 
























TG514258P/J/Z-85, TC514258P/J/Z-10 
TC5I4258P/J/Z-12 


gs BEFORE.RAS REFRESH COUNTER TEST CYCLE 











2.5 MIN 5.0 MAX 


TC514258P/J/Z-85, TC514258P/J/Z-10 
TC5I4258P/J/Z-12 


OUTLINE DRAWINGS 

• Plastic DIP 


20 19 18 17 16 15 14 13 12 11 

m r-t mi—i i—i i—i m r—i m n 



I_ I I_I (_i t_I LJ LZJ'Lir 

4567 8 9 10 


Unit in mm 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No.20 leads. 

All dimensions are in millimeters. 
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TC5t4258P/J/Z-85, TC514258P/J/Z-10 
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• Plastic SOJ 


Unit in mm 


17.0 2 -- 17.2 7 




26 25 24 23 22 

p n n n n 

18 17 16 15 14 

1_n n n n m 





■ 



! 

k _i 


1 


1 

u u u u u u u u u u 

12345 9 10 11 12 13 




Note: Each lead pitch 1.27mm. All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 


. Plastic ZIP 


Unit in ram 




8 4 6 8 12 14 16 18 ?0 


Note: Each lead pitch is 1.27tnm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any 
circuitry described; no circuit patent licenses are implied, 
and Toshiba reserves the right, at any time without notice, 
to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCT 


1,048,576 WORDS X 8 BIT 
DYNAMIC RAM MODULE 


THM81000S/L-10/12 


IdescriptionI 

The THM81000S/L is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pcs of TC511000J on the printed circuit board. 

The THM81000S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 


FEATURES! 

• 1,048,576 words by 8 bits organization 

• Fast access time 



THM81000S/L-10 

THM81000S/L-12 

‘^RAC 

RAS Access Time 

100ns 

120ns 

tAA 

Column Address Access Time 

50ns 

60ns 

tCAC 

CAS Access Time 

35ns 

45ns 

tRC 

Cycle Time 

190ns 

220ns 

tpc 

Fast Page Mode Cycle Time 

55ns 

70ns 


• Single power supply of 5V+10% 

• Low power 

2,640mW MAX. Operating (THM81000S/L-10) 

2,200mW MAX. Operating (THM81000S/L-12) 

44mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh. Hidden refresh, and Fast Page Mode 

capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 


I PIN connection! 

(TOP VIEW) 



PIN NAMES 


AO '^9 

Address Inputs 

DQO '^7 

Data Input/Outputs 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

¥ 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

ViN 

-1 7 

V 

1 

Output Voltage 

Vqut 

-1 'X. 7 

V 

1 

Power Supply Voltage 

^CC 

-1 'x. 7 

V 

1 

Operating Temperature 

Topr 

0 'X.70 

°C 

1 

Storage Temperature 

Tstg 

-55 'X.125 

°C 

1 

Soldering Temperature . Time 

tsolder 

260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

4.8 

W 

1 

Short Circuit Output Current 

Pout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0 -x. 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

^CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 


6.5 

V 

2 

^IL 

Input Low Voltage 

-1.0 


0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0'v70“C) 


SYMBOL 

PARAMETER 

MIN. 



NOTES 

Pcci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tpc;=tR(-: MIN.) 

THM81000S/L-1C 

- 

480 

mA 

■ 

THM81000S/L-12 

- 

400 

PCC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vih) 

■ 

16 

mA 

■ 

PCC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, C^=Vih: tRc=tRc ^IN.) 

THM81000S/L-10 

- 

480 

mA 

3 

THM81000S/L-12 

- 

400 

PCC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS*V];l, CAS Address Cycling: tpc=tpc MIN.) 

THM81000S/L-10 

- 

320 

mA 

■ 

THM81000S/L-12 

- 

240 

PCC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vcc-0-2V) 

■ 

8 

mA 

■ 

PCC6 

UAS before RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tRc=tRC MIN.) 

THM81000S/L-10 

- 

480 

mA 

3 

THM81000S/L-12 

- 

400 

m 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV < Vpfj 1 6.5V, All Other Pins not under Test=0V) 

-80 

80 

UA 

■ 

^O(L) 

OUTPUT LEAKAGE CURRENT 

(DquT is disabled, OV ^VquT 45.5V) 

-20 

20 

UA 


VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT=-5mA) 

2.4 

- 

V 

■ 

VOL 

OUTPUT LEVEL 

Output "L" Level Voltage (IquT'^'^ • 2mA) 

■1 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



PARAMETER 


Random Read or Write Cycle Time 


Fast Page Mode Cycle Time 


Access Time from RAS 


Access Time from CAS 


Access Time from Column Address 


Access Time from CAS Precharge 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Pulse Width (Fast Page Mode) 


RAS Hold Time 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time (Fast Page Mode) 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced 
to RAS 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


(Vcc=5V±10%, Ta=0'^^70°C) (Notes 5, 6, 7) 


THM81000S/L-10 THM81000S/L-1 
MIN.I MAX. MIN.I MAX. 



100 10,000 120 10,000 ns 


100 100,000 120 100,000 ns 
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ELECTRICAL CHARACTERISTIC AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

THM81000S/L-10 

THM81000S/L-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 


Read Command Hold Time referenced 
to rAS 

0 


0 


ns 

10 

*^WCH 

Write Command Hold Time 

20 


25 


ns 


*^WCR 

Write Comjnand Hold Time referenced 
to RAS 

75 


90 


ns 

■ 

twp 

Write Command Pulse Width 

20 


25 


ns 


tRI^^L 

Write Command to RAS Lead Time 

25 


30 


ns 


*=CWL 

Write Command to CAS Lead Time 

25 


30 


ns 


*^DS 

Data Set-Up Time 

0 


0 


ns 

11 

^DH 

Data Hold Time 

20 


25 


ns 

11 

^DHR 

Data Hold Time referenced to RAS 

75 


90 


ns 


<^REF 

Refresh Period 


8 


8 

ms 


twcs 

Write Command Set-Up Time 

0 


0 


ns 

12 

•^CSR 

CAS Set-Up Time (CAS before RAS Cycle) 

10 


10 


ns 


•^CHR 

CAS Hold Time (CAS before RAS Cycle) 

30 


30 


ns 


tRPC 

RAS to CAS Precharge Time 

0 


0 


ns 


tCPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

50 


60 


ns 

■ 

tCPN 

CAS Precharge Time 

15 


20 


ns 



CAPACITANCE (Vcc=5V±10%, f=Mz, Ta=0'\>70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0'V'A9, T7, CAS, RAS) 


60 

pF 

cdq 

I/O Capacitance (DOO^^DQ!) 


15 

pF 
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THM81000S/L-10/12 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs* 

ICC1> ICC3» ICC4> ICC6 depend on cycle rate. 

^CCl’ ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tx=5ns. 

7. Vjj^Cmin.) and VjLCmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjj} and Vjl. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) defines the time at x^7hich the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tj^^^ ^RRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. t^^Cs is not restrictive operating parameters. This is included the data'sheet 
as electrical characteristics only. If ty^g ^tycs(min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the tj^^pCmax.) limit insures that tp^^Cmax.) can be met. 

tRCpCmax.) is specified as a reference point only; If is greater than 

the specified t^j^^Cmax.) limit, then access time is controlled by t^^^. 

14. Operation within the tj^pCmax.) limit insures that tj^l^Cmax.) can be met. 
tRAoCmax.) is specified as a reference point only: If t^p is greater than the 
specified tj^pCraax.) limit, then access time is controlled by 
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COLUMN 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE VJRITE CYCLE (EARLY WRITE) 



^ ^OH - 

DquT - OPEN 

^Oli 


y//A :Don't 


Care 
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HIDDEN REFRESH CYCLE (VJRITE) 



;Don 't Care 
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20.45 max 
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OUTLINE DRAWINGS 

• THM81000S 


Unit in mm 



5.0 8max. 


• THM81000L 
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TOSHIBA MOS MEMORY PROOUCT 


1,048,576 WORDS X 9 BIT 
DYNAMIC RAM MODULE 


THM91000S/L-10/12 


IDESCRIPTIOMI 

The TUM91000S/L in a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511000J on the printed circuit board. 

The TH^191000S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image memory 
systems, and to the others which are requested compact size. 

iFEATURESl 

• 1,048,576 words by 9 bits organization 

* Fast access time 



THM910003/L-10 

THM910003/L-12 

tRAC 

RAS Access Time 

100ns 

120ns 

f-A.\ 

Column iiddress Access Time 

50ns 

60ns 

tCAC 

CAS Access Time 

35ns 

45ns 

tRC 

Cycle Time 


220ns 

tpc 

Fast Page Mode Cycle Time 


70ns 


• Single power supply of 5V+10Z 

• Lov; power 

2,970 mW MAX. Operating (THM91000S/L-10) 
2,475 mW MAX. Operating (THM91000S/L-12) 
_49.5 mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, 

capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ras 

I PIN COMMECTIONi 

(TOP VIEU) 


Hidden refresh, and Fast Page Mode 


vcc 

(If 

□ 

(Ja3 

(2f 

□ 

1>40 

(3< 

d 

AO 

t 4) 

0 

A1 

( 5 ) 

d 


(6J 

□ 

A2 

( 7 ) 

d 

A3 

(a) 

□ 

vss 


□ 

1X12 

(10) 

□ 

A4 


d 

A5 


d 

Dq,3 


□ 

A6 


□ 

A7 

,15) 

0 

Dq,4 

,16) 

d 

A3 

17) 

□ 

A9 

,13) 

□ 

N-G. 

,19) 

D 

DQ,5 

,20) 

□ 

¥ 

21) 

d 

VSS 

22) 

Qi 

1X5,6 

,23) 

□! 

N.G. 

24) 

□ 

Dq,7 

,25) 

d 

<18 

(26) 

^27) 

□ 

□ 

GAS 8 

,28) 

d 

Da 

,29) 

□ 

VGG 

,30) 

□ 




o 


[pin names! 


AO 9 

Address Inputs 

DQO 1 

Data Input/Outputs 

D8 

Data Input 

Q8 

Data Output 

CAS 

Column Address Strobe 

Ms 

Row Address Strobe 

w 

Read/Write Input 

CAS 8 

Column Address Strobe 

Vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM SYMBOL 


Input Voltage VpN 


Output Voltage VouT 


Power Supply Voltage Vqc 


Operating Temperature 


Storage Temperature 


Soldering Temperature • Time I '^SOLDER 


Pov;er Dissipation Pp 


Short Circuit Output Current ^OUT 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0%70°C) 


SYMBOL 


vec 



RATING 


-1 7 


-1 7 


-1 'V 7 


0 0,70 


-55 125 


260 • 10 



PARAMETER 

MIN, 


4.5 

Input High Voltage 

2.4 

Input Low Voltage 

-1.0 



DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0-^70°C) 


SYMBOL 

PARi\METER 

MIN. 

IL\X. 

UNITS 

NOTES 

^CCl 

OPEPu\TING CURRENT 

Average Pov;er Supply Operating Current 
(RA^, CAS, Address Cycling: tRC=tRC MIN.) 

z-Evigioccc/Ti-io 

- 

540 

mA 

3, 4 

TH:a9100GS/L-12 

- 

450 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V]H) 

■ 

18 

nr\ 


^CC3 

RAS only REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vxh* tp^c“*^RC MIN*) 

71-2,1910 0 OS/L-10 


540 

mA 

3 

i 1-.1910 (j C S/Lt” 12 

- 

450 

^CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=Vxl, CAS Address Cycling: tpc=tpc MIN.) 

TIA191000ii/Lr-10 

- 

360 

mA 

3, 4 

TKvigiOOOS/tr-lO 

- 

270 

^CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(MS=CAS=Vcc-0.2V) 

■ 


mA 


^CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, Ci\S Cycling: tpc“tpc MIN.) 

r 

7H:,I91000S/L-10 

- 

540 

mA 

3 

TH:7!91000S/Mj-12 

- 

450 

t—1 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV=Vim= 6.5V, All Other Pins not under Test=0V) 

-90 

90 

pA 


^O(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, OV^Vout^5.5V) 

-20 

20 

uA 

■ 

VOH 

Output level 

Output "H" Level Voltage (lotJT”"^^) 

m 

- 

V 

■ 

^OL • 

OUTPUT LEVEL 

Output "L" Level Voltage (IOUT“^*2mA) 

B 

0.4 

V 

■ 
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THM91000S/L-10/12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0'-^70°C) (Notes 5, 6, 7) 


THM91000S/L-10 TILM91000S/L-12 



SYMBOL PARAMETER 


Random Read or Write Cycle Time 


Fast Page Mode Cycle Time 


Access Time from RAS 
Access Time from CAS 


Access Time from Column Address 


Access Time from CAS Precharge 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


Ri\S Pulse Width (Fast Page Mode) 


RAS Hold Time 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


PvAS to Column Address Delay Time 


UNIT NOTES 



tCRP 

CAS to RAS Precharge Time 

10 

tcp 

CAS Precharge Time (Fast Page Mode) 

10 

‘^ASR 

Row Address Set-Up Time 

0 

‘^RAH 


15 

*^ASC 

Column Address Set-Up Time 

0 

tCAH 

Column Address Hold Time 

20 

tAR 

Column Address Hold Time referenced 
to RAS 

75 

tRAL 

Column Address to RAS Lead Time 

50 

tRCS 

Read Command Set-Up Time 

0 

*^RCH 

Read Command Hold Time 

0 

•^RRH 

Read Command Hold Time referenced 
to RAS 

0 
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ELECTRICAL CHARACTERISTIC AMD RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TIIM91000S/L-10 

THM91000S/L-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 


VJrite Command Hold Time 

20 


25 


ns 


m 

Mrite Command Hold Time referenced 
to RAS 

75 


90 


ns 



'v'rite Command Pulse V.’idth 

20 


25 


ns 


tRUL 

VJrite Command to RAS Lead Time 

25 


30 


ns 


tcUT. 

VJrite Command to CAS Lead Time 

25 


30 


ns 


^DS 

Data Set-L'p Time 

0 


0 



11 

^D!! 

Data Hold Time 

20 


25 



11 


Data Hold Time referenced to RAS 

75 


90 


ns 


‘^RKF 

Refresh Period 


3 


8 

ns 


•^L’CS 

VJrite Command Set-Up Time 

0 


0 


ns 

12 

’^CSR 

CAS Set-Up Time (CAS before RAS Cycle) 

10 


10 


ns 


^CHR 

CAS Hold Time (CAS before RAS Cycle) 

30 


30 


ns 

HI 

tRPC 

RAS to CAS Precharge Time 

0 


0 




^CPT 

CAS Precliarge Time 

(CAS before RAS Counter Test Cycle) 

50 


60 


ns 

■ 


CAS Precharge Time 

15 


20 


ns 



CAPACITANCE (Vgc=5V±10%, £=lI-rHz, Ta=0'v.70°C) 


SYMBOL 

PAPvAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0a.A9, U, CAS, RAS) 


60 

pF 

^12 

Input Capacitance (D8, CASS) 


7 

pF 

- CpQ 

I/O Capacitance (000^-007) 


15 

pF 

Cq 

Output Capacitance (Q8) 


10 

pF 


— A-195 — 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. Ail voltages are referenced to VsS- 

fcci^ '^CC'3* ^CC4> ^CC6 depend on cycle rate. 

• ^CC1» ^CC4 depend on output loading. Specified values are obtained with the 

output open. 

5. An initial pause of 200i!S is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tx=5ns. 

7. Vp[j(min.) and V[;L(nax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between and 

8. Measured x;it'a a load equivalent to 2 TTL loads and lOOpF. 

9. tQf;p(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tpcpj or tngpj must be satisfied for ci read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE loading edge in read-v/rite cycles. 

12. is not restrictive operating parameters. This is included the data sheet 

as electrical characteristics only. If t';cs = t\.'CS ) , the cycle is an early 

write cycle and data out pin will remain open circuit (liigh impedance) . 

13. Operation v/ithin the tpcD(r‘''ax.) limit insures that tj^^Cmax.) can be met. 
tpcD('^^^*) specified as a reference point only: If tpcp is greater than the 
specified tj^Qp(max.) limit, then access time is controlled by tc,\C" 

14. Operation within the tp^p(max.) limit insures that tj^^'^(^(max.) can be met. 
dRAD(^^^') specified as a reference point only; If tR^VD is greater than the 
specified tp^^p(max.) limit, then access time is controlled, by tAA- 
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MODE READ CYCLE 
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FAST PAGE MODE IJRITE CYCLE (EARLY t^RITE) 



. Dqut - OPEIJ 

Vql — 


Y//\ Don't Care 
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HIDDEN REFRESH CYCLE (READ) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 








25.07±a5 



• THM91000L 
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TOSHIBA MOS MEMORY PROOUCTS 

2.048 WORD X 8 BIT STATIC RAM TMM2015BP-90, TMM2015BP-12 

SILICON MONOLITHIC __ ^ ^ mm 

N-CHANNEL SILICON GATE MOS PROCESS TMM201 SBR"! 0/ TMM201 BBR"! 5 


DESCRIPTION 

The TMM201 5BP is a 16, 384 bits high speed 
and low power static random access memory orga¬ 
nized as 2, 048 words by 8 bits and operates from a 
single 5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/ 
10Ons/1 20ns/1 50ns_^d maximum operating cur¬ 
rent of 50mA. When CS is a logical high, the device 


FEATURES 

o Access Time and Current 


Parameter 

Part 

Number 

Access 

Time 

(Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2015BP-90 

90ns 

50mA 

5mA 

TMM2015BP-10 

100ns 

50mA 

5mA 

TMM2015BP-12 

120ns 

50mA 

5mA 

TMM2015BP-15 

1 50ns 

50mA 

5mA 


• High Density Assembly Capability 
0.3 inch width package (24pin plastic DIP) 


PIN CONNENCTION 


A7 

c 

1 


1 

24 

3 

Vcc 

A6 

q 

2 


23 

3 

A8 

Ab 

d 

3 


22 

3 

A9 

A4 

c 

4 


21 

3 

WF, 

A3 

c 

5 


20 

3 

OE 

A2 

c 

6 

- 

19 

3 

AlO 

A1 

c 

7 


18 

3 

cs" 

AO 

c 

8 

a 

E-* 

17 

3 

1/08 

I/Ol 

c 

9 


16 

3 

1/07 

1/02 

c 

10 


15 

3 

1/06 

1/03 

c 

11 


14 

3 

1/05 

QND 

c. 

12 


13 

3 

1/04 


PIN NAMES 


Ao~A3 

Column Address Inputs 

o 

< 

1 

< 

Row Address Inputs 


Chip Select Input 

WE 

Write Enable Input 

l/Oi-t/Oa 

Data Input/Output 


Output Enable Input 

Vcc 

Power (5V) 

GND 

Ground 


is placed in a low power standby mode in which 
maximum standby current is 5mA. Thus the 
TMM201 5BP IS most suitable for use in microcom¬ 
puter oeripheral memory where the low power 
applications are required. The TMM2015BP is fa¬ 
bricated with ion implanted N channel silicon gate 
MOS technology for high performance and high 
reliability 


• Single 5V power Supply 
® Fully Static Operation 

• Power Down Feature: CS 

• Output Buffer Control; OE 
o Three State Outputs 

• All Inputs and Outputs: Directly TTL Compatible 

• Inputs Protected; All inputs have protection 

against static charge. 


"BLOCK DIAGRAM 



B-3 









TMM2015BP-90, TMM2015BP-12 
TMM2015BP-10, TMM2015BP-15 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5-7.0 

V 

ViN, VoUT 

Input/Output Voltage 

-0.5*~7.0 

V 

Topr 

Operating Temperature 

o 

1 

O 

•c 

Tstg 

Storage Terperature 

-55-150 

•c 

Tsolder 

Soldering Temperature • Time 

260-10 

'C'sec 

Pd 

Power Dissipation(Ta = 70‘C) 

0.7 

W 


* —3.0V at Pulse width 50ns 

I D. C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Vovtage 

2.0 

- 

Vcc+1.0 

V 

ViL 

Input Low Voltage 

-0.5** 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 


♦ ♦ — 3.0V at Pulse width 50ns 


[D';' C‘.'CHAIACTEpSTO (Ta=0-70-C, Vcc=5V± 1 0%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

III 

Input Leakage Current 

Vin=0V-5.5V 

-10 

- 

10 

aA 

VOH 

Output High Voltage 

louT= — 1.0mA 

BM 

— 

- 

V 

VoL 

Output Low Voltage 

louT=4.0mA 

- 

- 

0.4 

V 

Ilo 

Output Leakage Current 

CS=ViH or 

WE=Vil or OE=Vih, 
Vout=0V-5.5V 

-10 

■ 

10 

aA 

ISBP 

Peak Power-on Current 

CS=Vcc, louT=OmA 

- 

- 

10 

mA 

ISB 

Standby Current 

CS=ViH , louT=OmA 

- 

- 

5 

mA 

Icc 

Operating Current 

CS=ViL, louT=OmA 

- 

- 

50 

mA 


[capacitance* 1*'^ (Ta = 25-C, f=1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

> 

o 

II 

z 

> 

5 

PF 

COUT 

Output Capacitance 

VouT=OV 

10 

PF 


♦ ♦ ♦ Note : This paramenter is periodically sampled and is not 100% tested. 
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TMM2015AP-90, TMM2015AP-12 
TMM2015AP-10, TMM2015AP-15 


A. C. CHARACTERISTICS (Ta=0~70-C, Vcc=5V±io%) 


Read Cycle 


SYMBOL 

PARAMETER 

TMM2015BP-90 

TMM2015BP-10 

TMM2015BP-12 

TMM2015BP-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

90 

— 

100 

- 

120 

- 

150 

- 

ns 

Ucc 

Address Access Time 

- 

90 

- 

100 

- 

120 

- 

150 

tco 

Chip Select Access Time 

- 

90 

- 

100 

- 

120 

- 

150 

tOE 

Output Enable Time 

- 

35 

- 

35 

- 

50 

- 

55 

tOH 

Output Data Hold Time from Address 
Change 

10 

■ 

10 

■ 

10 

■ 

10 

■ 

tCLZ 

CS to Output in Low-Z 

15 

— 

15 

— 

15 

— 

15 

— 

tCHZ 

r III.Ill.. 

- 

40 

— 

40 

- 

40 

- 

55 

tOLZ 


5 

- 

5 

- 

5 

- 

5 

- 

tOHZ 


- 

35 

- 

35 

- 

35 

- 

50 

tPU 

Chip Selection to power Up Time 

0 

- 

0 

- 

0 

- 

0 

- 

tPD 

Chip Deselection to Power Down 

Time 

■ 

50 

- 

50 

■ 

60 

- 

60 


Write Cycle 


SYMBOL 

PARAMETER 

TMM2015BP-90 

TMM2015BP-10 

TMM2015BP-12 

TMM2015BP-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

90 

— 

100 

- 

120 

- 

150 

- 

ns 

tew 

Chip Selection to End of Write 

60 

- 

70 

- 

85 

- 

100 

- 

tAS 

Address Set Up Time 

20 

- 

20 

- 

20 

- 

20 

- 

twp 

Write Pulse Width 

55 

- 

65 

- 

80 

- 

100 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

tos 

Data Set Up Time 

30 

- 

35 

- 

45 

-• 

50 

- 

tOH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

0 

- 

tWLZ 

WE to Output in Low-Z 

5 

- 

5 

- 

5 

- 

5 

- 

tWHZ 

WE to Output in High-Z 

- 

25 

- 

30 

- 

35 

- 

50 


A. C. TEST CONDITIONS 


Input Pulse Levels 

0-3.5V 

Input Rise and Fall Time 

10ns 

Input and Output Timing Reference Levels 

1.5V 

Output Load 

1 TTL Gate & Cl=100pF 
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TMM2015BP-90, TMM2015BP-1 2 
TMM2015BP-10, TMM2015BP-15 

TIMING WAVEFORMS 

• (A) READ CYCLE Cl) (1) 



• (B) READ CYCLE C2) (1), (2) 



• (C) WRITE CYCLE CD (3) 
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TMM2015BP-g0, TMM2015BP-12 
TMM2015BP-10, TMM2015BP-15 


• (D) WRITE CYCLE C2) (3) 





ADDRESSES ^ 

_^~ 

(- 


CO 

< 

^cw 

1 


CS -^ 

_; 

/ - 

1 

’^WP 


_Z 

m///////M 


1 

1 

’^DS 

^DH 

Din 


( .)( 



tCLZ 



t HIGH impedance 

HIOH IMPEDANCE i 



i 


NOTES: _ 

(1) The WE is high for read cycle. 

Device is continuously selected, CS =Vil in read cycle Cl] 

(2) All addresses are valid perior to or simultaneously with CS transitions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified asjhe time f rom the chip selection to end of write in write cycle, and the twp is specified as the 
o^rlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the O^is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in 
a high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high 
impedance state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig, 1. 

(A) tcLZ, tOLZ, tWLZ . Output Enable Time 

(B) tcHZ, toHz, twHz . Output Disable Time 



1.8kn 
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TMM2d15BP-90, TMM2015BP-12 
TMM2015BP-10, TMM2015BP-15 

OUTLINE DRAWINGS ; 

Unit: Iran 

24 23 22 21 20 19 18 17 16 15 14 13 



NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No.24 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

OAug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PROOUCTS 

2,048 WORD X 8 BIT STATIC RAM TMM2016BP-90, TMM2016BP-12 

N-CHANNEL SILICON GATE MOS PROCESS TMM2016BP-10, TMM2016BP-15 


DESCRIPTION 

The TMM2016BP is a 16,384 bits high speed 
and low power static random access memory orga¬ 
nized as 2,048 words by 8 bits and operates from a 
single 5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/ 
100ns /I 20ns/1 50ns and maximum operating cur¬ 
rent of 50mA. When CS is logical high, the device is 

FEATURES 


o Access Time and Current 


Parameter 

Part 

Number 

Access 

Time 

(Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2.016BP-90 

90ns 

50mA 

5mA 

TMM2016BP-10 

100ns 

50mA 

5mA 

TMM2016BP-12 

120ns 

50mA 

5mA 

TMM2016BP-15 

1 50ns 

50mA 

5mA 


placed in a low power standby mode in which 
maximum standby current is 5mA. Thus the 
TMM201 6BP is most suitable for use in microcom¬ 
puter peripheral memory where the low power 
applications are required. The TMM2016BP is fa¬ 
bricated with ion implanted N channel silicon gate 
MOS technology for high porformance and high 
reliability 

• Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature CS 

• Output Buffer Control OE 

• Three State Outputs 

• All Inputs and Outputs: Directly TTL Compatible 

• Inputs Protected: All inputs have protection 

against static charge 


PINCONNECTION 


[BLOC K D IAGRAM i 


Ab C 

AdC 

A 4 C 
A 3 C 
AZ C 
Ai C 
AO C 

I/Ui c ; 

I/Oi; C 

1/06 c 
ON DC 


'CC 


J Vn 
HAS 
3 A 9 
3 WE 

3 M 

3 AlO 

3 ^ 

3 1/08 
3 1/07 
3 1/06 
3 1/06 
3 1/04 


PIN NAMES 


CO 

< 

1 

o 

< 

Column Address Inputs 

> 

/ 

> 

o 

Row Address Inputs 

CS 

Chip Select Input 

WE 

Write Enable Input 

l/Oi-l/Oa 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (5V) 

GND 

Ground 



MQIORY 
CELL ARRAY 
(128X16X8 ) 


QND 


I/O CIRCUIT 


COLUMN 

DECODER 









1 




A1 A2 A3 




OE O- T 
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TMM2016BP-90, TMM2016BP-12 
TMM2016BP-10, TMM2016BP-15 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5-7.0 

V 

ViN, VoUT 

Input/Output Voltage 

-0.5*~7.0 

V 

Tops 

Operating Temperature 

o 

/ 

o 

"C 

Tstg 

Storage Terperature 

-55-150 

"C 

Tsolder 

Soldering Temperature • Time 

260-10 

”C-sec 

Pd 

Power Dissipation(Ta = 70"C) 

1 .0 

W 


* —3.0V at Pulse width 50ns 


D,C. RECOMMENDED OPERATING CONDITIONS (Ta = 0~70 C) 


SYMBOL 

PARAMETER 


TYP 

MAX. 

UNIT 

ViH 

Input High Vovtage 

2 0 

- 

Vcc-f 1 .0 

V 

ViL 

Input Low Voltage 

-0 5*‘ 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 


* * —3.0V at Pulse width 50ns 


D. C. CHARACTERISTICS7t(Ta=0-~70‘C, Vcc=5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX. 

UNIT 

III 

Input Leakage Current 

Vin=0V-5.5V 

-10 

- 

10 

aA 

VOH 

Output High Voltage 

louT= — 1.0mA 

EBi 

- 

- 

V 

VoL 

Output Low Voltage 

louT=4.0mA 

- 

- 

0.4 

V 

Ilo 

Output Leakage Current 



■ 

10 

aA 

ISBP 

Peak Power-on Current 

CS=Vcc louT=OmA 

- 

- 

10 

mA 

ISB 

Standby Current 

CS=ViH louT=OmA 

- 

- 

5 

mA 

Icc 

Operating Current 

CS=Vii louT=OmA 

- 

- 

50 

mA 


CAPACITANCE***'. (Ta-25"C, f=1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN = OV 

5 

PF 

COUT 

Output Capacitance 

VouT=OV 

. 10 

PF 


* * * Note ; This paramenter is periodically sampled and is not 100% tested 
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TMM2016BP-90, TMM2016BP-1 2 
TMM2016BP-10, TMM2016BP-15 


A-_C;i.CHARACTERICT1CS^ J (Ta=0~70-C, Vcc=6V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

tRC 

Read Cycle Time 

Ucc 

Address Access Time 

tco 

Chip Select Access Time 

tOE 

Output Enable Time 

tOH 

Output Data Hold Time from Address 
Change 

tCLZ 

CS to Output in Low-Z . 

tCHZ 


tOLZ 

OE to Output in Low-Z 

tOHZ 


tpu 

Chip Selection to power Up Time 

tPO 

Chip Deselection to Power Down 

Time 

Write Cycle 

SYMBOL 

PARAMETER 

twc 

Write Cycle Time 

tew 

Chip Selection to End of Write 

Us 

Address Set Up Time 

tWP 

Write Pulse Width 

tWR 

Write Recovery Time 

tos 

Data Set Up Time 

tDH 

Data Hold Time 

tWLZ 

WE to Output in Low-Z 

tWHZ 

WE to Output in High-Z 


TMM2016BP-90 TMM2016BP-10 TMM2016BP-12 TMM2016BP-15 


MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 



TMM2016BP-90 TMM2016BP-10 TMM2016BP-12 I TMM2016BP-15 


MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 





Input Pulse Levels 

0~3.5V 

Input Rise and Fall Time 

10ns 

Input and Output Timing Reference Levels 

1.5V 

Output Load 

1 TTLGate & Cl=100pF 








































































































































































TMM2016BP-90, TMM2bl6BP-1 2 
TMM2016BP-10, TMM2016BP-15 


TIMING WAVEFORMS J 

• (A) READ CYCLE CO (1) 



• (B) READ CYCLE U) (1), (2)" 



• (C) WRITE CYCLE CO (3) 



%c 


ADDRESSES ^ 

r_ ^ _ ) 

( 



tew 

1 l^WR 


cs 


V_ 1 

m////////M 


^AS 


t^P 


WE ^ 


_ ? 

L - 




L_Ids_^ 

tDH 


Din ) 

^ DATA IN VALID 

f— - 

S_ 
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TMM2016BP-90, TMM2016BP-12 
TMM2016BP-10, TWIM2016BP-15 


• (D) WRITE CYCLE C2] (3) 



NOTES: _ 

(1) The WE is high for read cycle. 

Device is continuously selected, CS=Vil in read cycle (1) 

(2) All adresses are valid perior to or simultaneously with CS transitions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified as the time from the chip selection to end of write in write cycle , and the twp is specified as the 
overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the ^is high , the output buffers remain in a high impedance stat e in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buuffers remain in 

a high impedance state in this period. _ 

(5) If the CS high transition occurs simultaeously with WE high transition, the output buffers remain in a high impedance 
state in this period. 

Thease parameters are specified as follows and measured by using the load shown in Fig. 1 


(A) tCL2, tOLZ, tWLZ . Output Enable Time 

(B) tcHZ, tOHz, tWHz . Output Disable Time 



Fig. 1 Output load condition for enable disable time measurement. 
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TMM2016BP-90, TMM2016BP-12 
TMM2016BP-10. TMM2016BP-15 


OUTLINE DRAWINGS 


24 23 Xi2 21 20 19 18 17 16 15 14 13 


c 


Irh rh rh rh rh rtx- 



f • 1 1 1 1 

1 X 
< 
s 


c 

*^^R1.5 


W 

1 H 

'n4j ijr Lp l{j -Lp l}j 

qj qj -Lij hj 


1 23453 789 10 11 12 


Unit: mm 




NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No.24 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

CAup , 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 


2,048 WORD X 8 BIT CMOS STATIC RAM 


TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517CF -15/CFL -15/CF -20/CFL -20 


DESCRIPTION 

TheTC551 7CP/CF is a 16384-bit high speed and 
low power fully static random access memory orga¬ 
nized as 2048 words by 8 bits using CMOS tech¬ 
nology, and operates from a single 5 volt supply.' 
The TC5517CP/CF has a output enable inputs, OE 
for fast memory access and output control and chip 
enable enable input CE, which is used for device 
selection and can be used in order to achieve mini¬ 
mum standby current mode easily for battery back 
up. Also the high speed and low power characteris¬ 
tics which maximum access time is 150ns, 200ns 
and maximum operating current is 5mA/MHz are 


achieved. Thus the TC5517CP/CF is most suitable 
for use in low power applications where battery 
operation or battery back up for nonvolatility are 
required. Furthermore the TC551 7CPL/CFL guar¬ 
anteed a standby current epual to or less than 1 /iA at 
60°C ambient temperature available. And the 
TC5517CP/CPL is pin compatible with 2716 type 
EPROM. This means that the TC5517CP/CPL and 
EPROM can be interchanged in the same socket, 
and the flexibility in the definition of the quantity of 
RAM versus EPROM allows the wide application in 
microcomputer system. 


FEATURES 

o Low Power Dissipation 
5mA/MHz (Max.) Operating 

0.2;iA(MAX.) at Ta = 25°C Standby 

1.0//A(MAX.) at Ta = 60'C Standby 

o 5V Single Power Supply 
© Low Voltage Operation : Vdd = 3V 
tco= Vs(MAX.) Ta = 60’C 

• Wide Temperature Operation 
Ta = -40~85”C 

o Fully Static Operation 

• Data Retention Voltage : 2. OV--5.5V 
9 Output Buffer Control ; OE 


• Access Time 



TC5517CP-15/CPL-15 

TC5517CP-20/CPL-20 

TC5517CF-15/CFL-15 

TC5517CF-20/CFL-20 

Address Access 
Time (MAX.) 

1 50ns 

200ns 

CE Access Time 
(MAX.) 

1 50ns 

200ns 

OE Access Time 
(MAX.) 

70ns 

100ns 


• Directly TTL Compatible ; All Inputs and Outputs 
©24 Pin Standard Plastic Package : TC5517CP 
©24 Pin Flat Package : TC5517CF 


PIN CONNECTION {TOP VIEW) 


BLOCK DIAGRAM 


PIN NAMES 


A7 C 

A6 C 
A5 C 
A4 C 
A3 C 
A2 C 
A1 C 
AO C 
I/Ol C 
1/02 C 
1/03 C 
ONDC 


1 24 

2 23 

3 22 

4 21 

5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

11 14 
13 


3 Vdu 
3 A8 
3 A9 

3 oE 
3 AlO 
3 CE 
3 1/08 
3 1/07 
3 1/06 
3 1/05 
3 1/04 


o 

< 

o 

< 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 


Chip Enable Input 

l/Oi-l/Os 

Data Input/Output 

Vdd 

Power (-F5V) 

GND 

Ground 
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TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517CF-15/GFL-15/CF-20/CFL-20 


OPERATION MODE 


MODE 


OE 

R/W 

r 

> 

> 

l/O.-l/Os 

POWER 

Read 

L 

L 

H 

Stable 

Data Out 

Iddo 

Write 

L 

♦ 

L 

Stable 

Data In 

Iddo 

Output Deselect 

L 

H 

H 

* 

High Impedance 

Iddo 

* * Standby 

H 

* 

* 

* 

High Impedance 

Idds 


Note : * : H or L * * : DataRetention Mode 

ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3~7.0V 

ViN 

Input Voltage 

-0.3V~VDD + 0.3V 

Vi.o 

Input/Output Voltage 

-0.3V~Vdd + 0.3V 

Pd 

Power Dissipation(Ta = 85'C) 

0.8W(0.45W)* 

Tstg 

Storage Temperature 

-55“C~150-C 

Topr 

Operating Temperature 

-40'C~85’C 

Tsolder 

Soldering Temperature-Time 

260°C-10sec. 


•Plastic FP=0.45\/V 


RECOMMENDED D. C. OPERATING CONDITIONS (Ta =-40-85 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Voltage 


- 

5.5 

V 


D. C. CHARACTERISTICS (Ta = -40-85-C, Vod = 5V± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

TC5517CP-15 

CF-15 

TC5517CP-20 

CF-20 

H 

MIN. 

MAX. 

MIN. 

MAX. 

III 

Input Leakage Current 

O^ViN^ Vdd 

- 

±1.0 


±1.0 

//A 

Ilo 

I/O Leakage Current 

^=ViH, OV^Vi/o^Vdd 

- 

±5.0 


±5.0 

//A 

lOH 

Output High Current 

Voh = 2.4V 

-1.0 

- 

-1.0 

- 

mA 

loL 

Output Low Current ■ 

Vol = 0.4V 

2.0 

- 

2.0 

- 

mA 

Iddsi 

Standby Current 

CE2 = 2.2V 

- 

3.0 

- 

3.0 

mA 

IdDS2 

CE^Vdd-0.5V 

TC5517CPL/ 

CFL 

Ta = 25-C 

- 

0.2 

- 

0.2 

A^A 

Ta = 60’C 

- 

1 .0 

- 

1 .0 

TC5517CP/ 

CF 

Ta = 25’C 

- 

1 .0 

- 

1 .0 

Ta = 60”C 

- 

5.0 

- 

5.0 

Ta = 85"C 

- 

30 

- 

30 

Iddoi 

Operating Current 

tcvcie = Min. cycle, 

^=OV, louT=OmA 

VlN = Vih/Vil 

- 

45 


30 

mA 

IdD02 

ViN = Vdd/GND 

- 

40 


25 

IdD03 

tcycle — 1 //S , 

louT = OmA 

ViN = Vih/Vil 

- 

10 

- 

10 

IdD04 

Vin = Vdd/GND 

- 

5 

- 

5 


Note : Typical values are at Ta = 25°C, Vdd = 5V. 
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TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517CF-15/CFL-15/CF-20/CFL-20 


CAPACITANCE 



PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

CIN 

Input Capacitance 

- 

5 

10 

PF 

Ci/o 

Input/Output Capacitance 

- 

5 

10 

PF 


Note : This parameter is periodically sampled and is not 100% tested. 


A. C. CHARACTERISTICS (Ta=-40~85*C, Vdd = 5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

TC5517CP-15/CPL-15 

TC5517CF-15/CFL-15 

TC5517CP-20/CPL-20 
TC551 7CF-20/CFL-20 

UNITS 



MIN. 

MAX. 

MIN. 

MAX, 


tRC 

Read Cycle Time 

150 

- 

200 

■- 


tACC 

Address Time 

- 

150 

- 

200 


tOE 

OE to Output Valid 

- 

70 

- 

100 


tco 

CE to Output Valid 

- 

150 

- 

200 

ns 

tCOE 

CE or OE to Output Active 

10 

- 

10 

- 


too 

Output Fligh-Z from Deselection 

- 

50 

- 

60 


tOH 

Output Flold from Address Change 

15 

- 

20 

- 



Write Cycle 


SYMBOL 

PARAMETER 

TC5517CP-15/CPL-15 

TC5517CF-15/CFL-15 

TC5517CP-20/CPL-20 

TC5517CF-20/CFL-20 


MIN. 

MAX. 

MIN. 

MAX. 

two 

Write Cycle Time 

100 

- 

200 

- 

ns 

ns 

tWP 

Write Pulse Width 

120 

- 

150 

- 

tAW 

Address Set up Time 

0 

- 

0 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

tODW 

Output High-Z from R/W 

- 

50 

__ 

60 

tOEW 

Output Active from R/W 

10 

- 

10 

- 

tos 

Data Set up Time 

60 

- 

80 

- 

tOH 

Data Flold Time 

0 

- 

0 

. ■ - 


A. C. TEST CONDITIONS 

Output Load ;100pF+1TTL Gate Timing Measurement Reference Levels 

Input Pulse Levels: 0.6V, 2.4V Input: 0.8V and 2.2V 

Output; 0.8V and 2.2V 
Input Pulse Rise and Fall Times ; 10ns 


3V OPERATE SPECIFICATION 

D. C. RECOMMENDED OPERATING CONDITIONS (Ta= - 10~60“C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 


Vdd 

Power Supply Voltage 

2.7 

3.0 

3.3 

V 

ViH 

Input Fligh Voltage 


- 

Vdd 

V 

ViL 

Input Low Voltage 

0 

- 

0.2 

V 
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TC5517GP-15/CPL-15/CP-20/CPL-20 
TC5517GF-15/CFL-l 5/GF-20/GFL-20 


D.C. CHARACTERISTICS (Ta= -10-60 0 


SYMBOL 

PARAMETER CONDIOIONS 

MIN. 

TYP. 

MAX. 

UNIT 


IlL 

Input Leakage Current 

OV^ ViN^ Vdd 

- 

- 

±1 .0 


Ilo 

Output Leakage Current 

CE'=Vih, OV^Vi o^Vdd 

- 

- 

±5.0 

/.A 

I OH 

Output Fligh Current 

Voh = Vdd—0.2V 

-100 

- 

- 


lOL 

Output Low Current 

Vol = 0.2V 

100 

- 

- 

/rA 

Idds 

Standby Current 

I 

> 

!l 

|lu 

lu 

TC5517CPL/ 

CFL 

Ta = 25”C 

- 

- 

0.2 


Ta = 60”C 


- 

1 .0 

TC5517CP/ 

CF 

Ta = 25”C 


- 

1 .0 

Ta = 60"C 


- 

5.0 

Iddo 

Operating Current 

CE = 0V, 
lour = OmA 
tr, tf^20nsec- 

tcycle — 1 //SBC 

- 

2.0 

3.0 

mA 

tcvcle~ 1 0//SGC 

- 

0.3 

0.5 


• All voltage is measured from GND. 


A. C. CHARACTERISTICS (Ta= - 10-60*0, Vdd = 3V±10%) 


Read CYCLE 


SYMBOL 

PARAMETER 

MIN. 

TYP. 



tRC 

Read Cycle Time 

1000 

- 

- 

ns 

tACC 

Address Access Time 

- 

250 

1000 

ns 

tOE 

OE to Output Valid 

- 

80 

200 

ns 

tco 

CE to Output Valid 

- 

250 

1000 

ns 

tCOE 

CE or OE Output Active 

10 

- 


ns 

tOD 

Output Fligh-Z Deselection 

- 

- 

200 

ns 

tOH 

Output Hold from Address Change 

20 

- 

- 

ns 


WRITE CYCLE 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

twc 

Write Cycle Time 

1000 

- 

- 

ns 

tWP 

Write Pulse Width 

500 

- 

- 

ns 

tAW 

Address Set up Time 

100 

- 

- 

ns 

twR 

Write Recovery Time 

100 

- 

- 

ns 

tODW 

Output High-Z from R/W 

- 

- 

200 

ns 

tOEW 

Output Active from R/W 

10 

- 


ns 

tDS 

Data Set up Time 

400 

- 

- 

ns 

tDH 

Data Hold Time 

50 

- 

- 

ns 


A. C. TEST CONDITIONS 

o Output Load : lOOpF (Include Jig) 

o Input Pulse Levels : 0.2V, Vdd— 0.2V 

e Timing Measurement Level Input: 1.5V, 1.5V 

© Output : 1.5V , 1 . 5V 

o Input Pulse Rise and Fall Times ; ^20ns 
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TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517CF-15/CFL-15/CF-20/CFL-20 


TIMING WAVEFORMS 

• Read Cycle 



o Write Cycle 1 (2) 



o Write Cycle 2 (2) 





9 — 








TG5517CP-15/CPL-15/CP-20/CPL-20 
TC5517CF-15/CFL-15/CF-20/CFL-20 


Note: 

1. R/W is high for a Read Cycle. 

2. OE = Vih or ViL. If, OE = Vih during write cycle, the output buffers remain in a high impedance state. 

3. twp is specfied as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE or R/W going low to the earlier of CE or R/W going high. 

4. tDH, tps are measured from the earlier of CE or R/W going high. 

5. If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write Cycle 1 , the output 
buffers remain in a high impedance state in this period. 

6. If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write Cycle 1 , the output 
buffers remain in a high impedance state in this period. 

7. If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low transition, the output 
buffers remain in high impedance state in this period. 


DATA RETENTION CHARACTERISTICS (Ta=-40-85 G) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Power Supply Voltage 

2.0 

- 

5.5 

V 


Standby Current 

TC5517CPL/CFL 

Ta = 25-C 

- 

0.005 

0.2 


Ta = 60-C 

- 

- 

1 .0 

TC5517CP/CF 

Ta = 25-C 

- 

0.05 

1 .0 

Ta = 60‘C 

- 


5.0 

Ta = 85'C 

- 

- 

30 

tCDR 

From Chip Deselection to Data Retention Mode 

0 

- 

- 

ns 

tR 

Recovery Time 

tRc(1 ) „ 

- 

- 
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OUTLINE DRAWINGS 

• Plastic DIP 


24 23 22 21 20 19 18 17 16 15 14 13 

nnfnnni-innnnnri 


c 

3 

R1.5 

c ^- 

W 

a ^ 


uuuuuuuuuuuu 

1234 5 6789 10 11 12 




Note ; Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to 
No.1 and No.24 leads. 

All dimensions are in millimeters. 
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TC5517CF-15/CFL-15/CF-20/CFL-20 


• Plastic FP 



Note : Each lead pitch is 1 .27mm. 

All leads are located within 0.1 mm of their true longitudinal position with respect to No. 1 and No.24 leads. 
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TC5517CF-15/CFL-15/CF-20/CFL-20 


PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin 
compared with conventional standard dual-in-line 
package. Differences are as follows. 


1. Difference in dimension between flat and standard 
package. 


Unit : mm 


_ 

Flat pacpage 

Standard package 


16.5 

32.4 

Width 

9.0 

14.2 

Lead Pitch 

1 .27 

2.54 

Thickness 

2.1 

5 


2. Comparison in occupied space. 



3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 

Capability of thin Assembly-Capability of 

Assembly on both side of PC board. 



4. PC pattern layout example. 
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TC5517CF-15/CFL-l 5/CF-20/CFL-20 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry 
C May , 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 

2.o«, WO.OX, ,nr CMOS staoc ram tc5518CF-iI/CFl'iI/S/S-20 


DESCRIPTION 

TheTC551 8CP/CF is a 16384-bit high speed and 
low power sully static random access memory orga¬ 
nized as 2048 words by a 8 bits using CMOS tech¬ 
nology, and operates from a single 5 volt su pply. 
The TC55 1 8CP/CF has two chip enable inputs, CE1 
and CE2, which are used for device selection and 
can be used in order to achieve minimum standby 
current mode easily for battery back up. Also the 
high speed and low power characteristics which 
maximum access time is 150ns, 200ns and maxi¬ 
mum operating current is 5mA/MHz are achieved. 


Thus the TC5518CP/CF is most suitable for use in 
low power applications where battery operation or 
battery back up for nonvolatility are required. 
Furthermore the TC5518CPL/CFL guaranteed a- 
standby current epual to or less than 1 //A at 60‘C 
ambient temperature available. And the TC5518CP/ 
CPL is pin compatible with 2716 type EPROM. This 
means that the TC551 8CP/CPL and EPROM can be 
interchanged in the same socket, and the flexibility in 
the definition of the quantity of RAM versus EPROM 
allows the wide application in microcomputer system. 


FEATURES 


• Low Power Dissipation 

5mA/Max. Operating 

0.2;/A(MAX.) at Ta = 25“C Standby 

1 .0;uA(MAX.) at Ta = 60°C Standby 

• 5V Single PowerSupply 

• Low Voltage Operation : Vdd = 3V 
tcoi, 2=1 //s(MAX.) Ta = 60°C 

• Wide Temperature Operation 
Ta = -40~85“C 

• Fully Static Operation 

• Data Retention Volt age : 2.0V ~5.5V 

• Two Chip Enables (CE1 , CE2) 

Simple Memory Expansion and Battery Back Up 

PIN CONNECTION (TOP VIEW) 


3 Vdu 
a AS 
a A9 

a R/ w 
a cTa 
a Aio 
3 ci^ 

3 1/08 
3 1/07 
3 1/06 
3 1/05 
a 1/04 

PIN NAMES 


A7 C 

1 

“V./- 

24 

A6 C 

2 

23 

A5 C 

3 

22 

A4 C 

4 

21 

A3 C 

5 

20 

AZ C 

6 

19 

A1 C 

7 

18 

AO C 

8 

17 

l/'Ol c 

9 

16 

1/ 02 c 

10 

15 

l/ '03 C 

n 

14 

OND C 

12 

13 


o 

< 

) 

o 

< 

Address Inputs 

R/W 

Read/Write Control Input 

CE^ 

Chip Enable Inputs 

I/O,-I/O, 

Data Input/Output 

Vdd 

Power ( + 5V) 

GND 

Ground 


• Access Time 



TC5518CP-15/CPL-15 

TC5518CP-20/CPL-20 

TC5518CF-15/CFL-15 

TC5518CF-20/CFL-20 

Address Access 
Time (MAX.) 

1 50ns 

200ns 

CE1 Access Time 
(MAX.) 

1 50ns 

200ns 

CE2 Access Time 
(MAX.) 

1 50ns 

200ns 


• Directly TTL Compatible ; All Inputs and Outputs 

• 24 Pin Standard Plastic Package ; TC5518CP 

• 24 Pin Flat Package : TC5518CF 


BLOCK DIAGRAM 
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TC5518GP-15/CPL-l 5/CP-20/CPL-20 
TC5518CF-15/CFL-15/CF-20/CFL-20 


OPERATION MODE 


MODE 

CE2 

ce7 

R/W 

> 

o 

( 

> 

O 

l/0l~l/08 

POWER 

Read 

L 

L 

H 

Stable 

Data Out 

Iddo 

Write 

L 

L 

L 

Stable 

Data In 

Iddo 

♦ * Standby 1 

* 

H 

* 

* 

High Impedance 

Idds 

* * Standby 2 

H 

* 

* 

* 


Idds 


Note : * : H or L * * : Data Retention Mode 

ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3-7.OV 

ViN 

Input Voltage 

-0.3V~Vdd + 0.3V 

Vi 0 

Input/Output Voltage 

-0.3V~Vdd + 0.3V 

Pd 

Power Dissipation(Ta = 85"C) 

0.8W(0.45W)* 

Tstg 

Storage Temperature 

-55"C~150'C 

Topr 

Operating Temperature 

-40'C~85"C 

Tsolder 

Soldering Temperature-Time 

260°C- lOsec. 


'Plastic FP = 0.45W 


RECOMMENDED D. C. OPERATING CONDITIONS (Ta=-40~85 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Voltage 

2.0 


5.5 

V 


D. C. CHARACTERISTICS (Ta = -40~85“C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

TC5518CP-15 

CF-15 

TC5518CP-20 

CF-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

IlL 

Input Leakage Current 

O^VinS Vdd 

- 

±1 .0 

- 

±1 .0 

aA 

Ilo 

I/O Leakage Current 

^ =ViH. OV^Vi o^VoD 

- 





lOH 

Output High Current 

Voh = 2.4V 

-1.0 

- 

-1 .0 

- 

inA 

loL 

Output Low Current 

Vol = 0.4V 

2.0 

- 

2.0 

- 

mA 

Iddsi 

Standby Current 

CT? =2.2V or CTi =2.2V 


3.0 

- 

3.0 

mA 

IdDS2 

CE? —Vdd 
- 0.5V or 

CE; =Vdd 
-0.5V 

Vdd = 2 — 

5.5 V 

TC5518CPL/ 

CFL 

Ta = 25'C 

- 

0.2 


0.2 

aA 

Ta = 60-C 

- 

1 .0 

- 

1 .0 

TC5518CP/ 
CF 

Ta = 25"C 

- 

1 .0 

- 

1 .0 

Ta = 60"C 

- 

5.0 

- 

5.0 

Ta = 85"C 

- 

30 

- 

30 

Iddoi 

Operating Current 

tcvcie= Min. cycle, 
^=^=0V, lour = 0mA 

ViN = Vih/Vil 

- 

45 


30 

mA 

IdD02 

Vin = Vod/GND 

- 

40 


25 

IdD03 

tcvcie ~ ^ pcS, CEl “ 

^OV, louT^^OmA 

ViN = Vih/Vil 

— 

10 

- 

10 

IdD04 


ViN = Vdd/GND 

- 

5 

- 

5 


Note : Typical values are at Ta = 25"C, Vdd = 5V. 
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TC5518CP-15/CPL-15/CP-20/GPL-20 
TC5518CF-15/CFL-15/CF-20/CFL-20 


CAPACITANCE 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

- 

5 

10 

PF 

CoUT 

Input/Output Capacitance 

- 

5 

10 

pF 


Note : This parameter is periodically sampled and is not 100% tested. 

A. C. CHARACTERISTICS (Ta=-40~85-C, Vdd=5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

TC5518CP-15/CPL-15 

TC5518CF-15/CFL-15 

TC5518CP-20/CPL-20 

TC5518CF-20/CFL-20 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

150 

- 

200 

- 


tACC 

Address Access Time 

- 

150 

- 

200 


tcoi 

CEi to Output Valid 

- 

150 

- 

200 


tC02 

CE 2 to Output Valid 

- 

150 

- 

200 

ns 

tCOE 

CEi or CE 2 to Output Active 

10 

- 

10 

- 


too 

Output High-Z Deselection 

- 

50 

- 

60 


tOH 

Output Flold from Address Change 

15 

- 

20 

- 



SYMBOL 

PARAMETER 

TC5518CP-15/CPL-15 

TC5518CF-15/CFL-15 

TC5518CP-20/CPL-20 
■ TC5518CF-20/CFL-20 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


twc 

Write Cycle Time 

150 

- 

200 

- 


twp 

Write Pulse Width 

120 

- 

150 

- 


tAW 

Address Set up Time 

0 

- 

0 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

ns 

tODW 

Output High-Z from R/W 

- 

50 

- 

60 


Output Active from R/W 

10 

- 

10 

- 


Ids 

Data Set up’Time 

60 

- 

80 

- 


tOH 

Data Hold Time 

0 

- 

0 

- 



A. C. TEST CONDITIONS 

Output Load :100pF + mL Gate 

Input Pulse Levels : o.6V, 2.4V 

Timing Measurement Reference Levels 

Input ; 0.8V and 2.2V 
Output; 0.8V and 2.2V 

Input Pulse Rise and Fall Times : 10ns 

3V OPERATE SPECIFICATION 

D. C. RECOMMENDED OPERATING CONDITIONS (Ta=-10-600 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

2.7 

3.0 

3.3 

V 

ViH 

Input High Voltage 

Vdd—0.2 

- 

Vdd 

.V 

ViL 

Input Low Voltage 

0 

- 

0.2 

V 
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TC5518CP-15/CPL-15/CP-20/CPL-20 
TC55! 8CF-15/CFL-15/GF-20/iFI-26 


D.C. CHARACTERISTICS (Ta=-10~60C) 


SYMBOL 

PARAMETER CONDIOIONS 

MIN. 

TYP. 

MAX. 

UNIT 


III 

Input Leakage Current 

OV^Vih^Vdd 

- 

- 

±1.0 

aA 

Ilo 

Output Leakage Current 

CTT, 2=Vih, OVSVi/o^Vdd 

- 

- 

±5.0 

aA 

loH 

Output High Current 

Voh=Vdd—0.2V 

-100 

- 

- 

aA 

lot 

Output Low Current 

Vol=0.2V 

100 

- 

- 

aA 

Idds 

Standby Current 

CE1 =CE2=Vih 

TC5518CPL/ 

CFL 

Ta = 25-C 

- 

- 

0.2 

aA 

Ta = 60-C 

- 

- 

1 .0 

TC5518CP/ 

CF 

Ta = 25'C 

- 

- 

1 .0 

Ta = 60"C 

- 

- 

5.0 

Iddo 

Operating Current 

CE1, 2 = 0V, 
louT=OmA 
tr, ti<20nsec 

tcycle— 1 //S6C 

- 

2.0 

3.0 

mA 

tcycle” 1 0/iS6C 

- 

0.3 

0.5 


• All voltage is measured from GND. 


A. C. CHARACTERISTICS ^ (Ta = -10~60*C, Vdd=3V±10%) 


Read CYCLE 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

. tRC 

Read Cycle Time 

1000 

- 

- 

ns 

tACC 

Address Access Time 

- 

250 

1000 

ns 

tcoi 

CE1 to Output Valid 

- 

250 

1000 

ns 

tC02 

CE2 to Output Valid 

- 

250 

1000 

ns 

tCOE 

CE1 or CE2 Output Active 

10 

- 

- 

ns 

too 

Output High-Z Deselection 

- 

- 

200 

ns 

tOH 

Output Hold from Address Change 

20 

- 

- 

ns 


WRITE CYCLE 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

twc 

Write Cycle Time 

1000 

- 

- 

ns 

twp 

Write Pulse Width 

500 

- 

- 

ns 

tAW 

Address Set up Time 

100 

- 

- 

ns 

tWR 

Write Recovery Time 

100 

- 

- 

ns 

tODW 

Output High-Z from R/W 

- 

, - 

200 

ns 

tOEW 

Output Active from R/W 

10 

- 

- 

ns 

tos 

Data Set up Time 

400 

- 

- 

ns 

tOH 

Data Hold Time 

50 

- 

- 

ns 


A. C^ TEST CONbiTIONS j 


Output Load 
Input Pulse Levels 
Timing Measurement Level 

Input Pulse Rise and Fall Times 


: lOOpF (Include Jig) 
: 0.2V, VDD-0.2V 
Input : 1.5V , 1 .5V 
Output : 1 . 5V , 1 . 5V 
: g20ns 
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TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518CF-15/GFL-15/CF-20/CFL-20 


TIMING WAVEFORMS 


Read Cycle 



' Write Cycle 1 (2) 



Lwc 

VlH 

Vlli ''IL ^ 



BB 


iVlL 





/ 


• 


.''IL ''IL/ 





/ 


1 

1 

'•WP (2) 

ns 





/“ViH 



-1^ 

'•OKW 

•1 


K 

'-OH (3), 

MM 

‘'DS(3) 

VlH 

ViH 

^ DATA IN STABLK ' 

Vi I 

K 

VlT 


Write Cycle 2 (2) 



; UNKNOWN 












TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518GF-15/CFL-15/CF-20/CFL-20 


Note : 

1 . R/W is high for a read Cycle. _ _ 

2. twp is specified as logical "AND" of CEi, CE 2 and R/W. _ 

twp is measured from the latter of CEi, CE 2 or R/W going low to the earlier of CEi,CE 2 or R/W going high. 

3. toH, tos are measured from the earlier of CEi, CE 2 or R/W going high. 

4. If the CEi or CE 2 low transition occurs simultaneously or latter from the R/W low transition in a Write Cycle 1, the 
output buffers remain in a high impedance state in this period. 

5. If the CEi or CE 2 high transition occurs prior to or simultaneously with the R/W high transition in a Write Cycle 1, 

the output buffers remain in a high impedance state in this period. _ _ 

6. If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CEi or CE 2 low transition, the 
output buffers remain in a high impedance state in t his p eried. 

7. A write occurs during the overlap of a low CEi, low CE 2 and low R/W. 

In write cycle 2, write is controlled by either CEi or CE 2 . 


DATA RETENTION CHARACTERISTICS (Ta = -40~85 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Power Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

TC5518CPL/CFL 

Ta = 25'C 

- 

0.005 

0.2 


Ta = 60"C 

- 

- 

1 .0 

TC5518CP/CF 

Ta = 25'C 

- 

0.05 

1 .0 

Ta = 60-C 

- 

- 

5.0 

Ta = 85-C 

- 

- 

30 

tCDR 

From Chip Deselection to Data Retention Mode 

0 

- 

- 

us 

tR 

Recovery Time 

tRc(1 ) 

- 

- 

ns 


Note ; 

1 . tRc ; Read Cycle Time 



2. If the ViH level of CE 2 (CEi) is 2.2V, during the period that the Vdd voltage is going down from 4. 5V to 2.7V, Iddsi 
current flows. 
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OUTLINE DRAWINGS 

• Plastic DIP 


24 23 22 21 20 19 18 17 16 15 14 13 

nt~ir~ir~ii~ir-ir-ir-ii—if-ir-ir-i 


t 

> i 

s 

R 1.5 

C 

a H 


U LJ'U'lir U U U LJ U U U U 

1 234 56789 10 11 12 



Note ; Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No.24 leads. 
All dimensions are in millimeters. 
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• Plastic FP 



Note ; Each lead pitch is 1 .27mnn. 

All leads are located within 0.1mm of their true longitudinal position with respect to No.1 and No.24 leads. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and this 
compared with conventional standard dual-in-line 
package. Differences as follows. 

1. Difference in dimension between flat and standard 2, Comparison in occupied space 
package. 



Unit: mm 



Flat pacpage 

Standard package 

Length 

16.5 

32.4 

Width 

9.0 

14.2 


1 .27 

2.54 

Thickness 

2.1 

5 


3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 

Capability of thin Assembly- 

Capability of Assembly on both side of PC board 


4. PC pattern layout example 
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TC5518CP-! 5/CPL-l 5/CP-20/CPL-20 
TC5518CF-15/CFL-15/CF-2e/CFL-2e 


Note : Toshiba does not assume any responsibility for use of any circuitry described . no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

May. 1 986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 


TMM2063P-10, 

TMM2063P-15 


TMM2063P-12 


DESCRIPTION 

TheTMM2063P is a 65,536 bits high speed and 
low power static random access memory organized 
as 8,192 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 100ns/ 
120ns/1 50n s and maximum operating current of 
80mA. When CSi is a logical high or CS 2 is a logical 
low, the device is placed in a low power standby 


mode in which maximum standby current is 10mA. 
Thus the TMM2063P is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required, moreover, suitable 
for use in high density assembly as 0.3 inch width 
package is use for. The TMM2063P is fabricated 
with ion implanted N channel silicon gate MOS 
technology for high performance and high reliability. 


FEATURES 

o Access Time and Current 


Parameter 

Part 

Number 

Access 

Time 

(Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2063P-10 

100ns 

80mA 

10mA 

TMM2063P-12 

120ns 

80mA 

10mA 

TMM2063P-15 

150ns 

80mA 

10mA 


o High Density Assembly Capability : 0.3 inch 
width package (28 pin plastic DIP) 


• Single 5V Power Supply 

• Fully Static Operation _ 

9 Power Down Feature : C^ , CSz 
o Output Buffer Control : OE 
o Three State Outputs 

• All Inputs and Outputs ; Directly TTL Compatible 
o Inputs Protected : All inputs have protection 

against static charge 


PIN CONNECTION 


N.C.C 1 

Mat a 
A71 3 
Ab’l 4 
A5[ t) 
A4( 6 

A31 7 

Akil 8 
All 9 

AuIiO 
I/Oil 
i/oat 
I/O 31 13 
ONDI 14 


28 1 Vcc 
27 ]-^ 

] GS2 

25JA6 

^4 ] a9 
23 ) All 
22 1 OF 
21 1 AJ£ 
20 I CSI 
19 1 1/08 
1 8 1 1/07 
17 1 1/0 6 
16 1 1/05 
IS 1 1/04 


PIN NAMES 


SYMBOL 

NAME 

< 

} 

0 

< 

Column Address Inputs 

A5~Ai2 

Row Address Inputs 

CS 2 

Chip Select Inputs 

WE 

Write Enable Input 

oi 

0 

1 

0 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (+5V) 

GND 

Ground 

N. C. 

No Connection 


BLOCK DIAGRAM 


A8 O" 


CLOCK 

OEHERATOR 

H 

PRECHAROE 

CIRCUIT 

f i 


_J_L_ 


-tfc 


UEUOHY CELL 
ARRAY 
256x32x8 
(65536) 


Vcc 

OND 



CS2 0--I—Y 

ZJaTo—d_/ 









TMM2063P-10, TMM2063P-12 
TMM2063P-15 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5-7.0 

V 

ViN, VoUT 

Input/Output Voltage 

-0.5*~7.0 

V 

Topr 

Operating Temperature 

o 

o 

•c 

Tstg 

Storage Temperature 

-55-150 

•c 

Tsolder 

Soldering Temperature • Time 

260-10 

'C-sec 

Pd 

Power Dissipation (Ta = 70”C) 

0.8 

W 


* -3.0V at Pulse width 50ns 

D. C. RECOMMENDED OPERATING CONDmONS j (Ta=0~70”C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.5“ 

- 

0.8 

V 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 


* —3.0V at Pulse width 50ns 


D. C. CHARACTERISTICS . (Ta=0~70”C. Vcc=5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Vin=0V-5.5V 


- 

10 


VOH 

Output High Voltage 

louT= — 1.0mA 

H 

- 

- 

V 

VoL 

Output Low Voltage 

Iout= 2.1 mA 

- 

- 

0.4 

V 

Ilo 

Output Leakage Current 

CSi=ViH or CS 2 =ViL or 
WE=Vil or M=Vih, 
Vout=0V-5.5V 

-10 

■ 

10 

aA 

ISBP 

Peak Power-on Current 


- 

- 

20 

mA 

ISB 

Standby Current 

CSi =ViH or CS 2 =ViL, 
louT=OmA 

- 

- 

10 

mA 

Icc 

Operating Current 

CSi =VlL, CS2. = VlH, 
louT=0mA 

- 

- 

80 

mA 


CAPACITANCE***' (Ta-25-C, f=l.OMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

> 

0 

II 

2 

> 

5 

PF 

COUT 

Output Capacitance 

ViN = OV 

10 

PF 


♦ ♦ * Note : This parameter is periodically sampled and is not 100% tested. 
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TMM2063P-10, TMM2063P-1 2 
TMM2063P-15 


A. C. CHARACTERISTICS (Ta=0~70-C, Vcc=5V±l0%) 


Read Cycle 


SYMBOL 

PARAMETER 



TMM2063P-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

Ucc 

Address Access Time 

- 

100 

- 

120 

- 

150 

tcoi 

CSi Access Time 

- 

100 

- 

120 

- 

150 

tC02 

CSz Access Time 

- 

100 

- 


- 

150 

tOE 

OE Access Time 

- 

40 

- 

50 

- 

60 

tOH 

Output Data Hold Time from Address Change 

10 

- 

10 

- 

10 

- 

tCLZ 

CSi or CS 2 to Output in Low-Z 

10 

- 

10 

- 

10 

- 

tCHZ 

CSi or CS 2 to Output in High-Z 

- 

40 

- 

40 

- 

55 

tOLZ 

OE to Output in Low-Z 

5 

- 

5 

- 

5 

- 

tOHZ 

OE to Output in High-Z 

- 

35 

- 

35 

- 

50 

tPU 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 

tPD 

Chip Deselection to Power Down Time 

- 

50 

- 

60 

- 

60 


Write Cycle 


SYMBOL 

PARAMETER 

TMM2063P-10 

TMM2063P-12 

TMM2063P-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

tew 

Chip Selection to End of Write 

80 

- 

100 

- 

120 

- 

Us 

Address Set Up Time 

10 

- 

10 

- 

10 

- 

tWP 

Write Pulse Width 

70 

- 

85 

- 

100 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tos 

Data Set Up Time 

40 

- 

50 

- 

60 

- 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

tWLZ 

WE to Output in Low-Z 

5 

- 

5 

- 

5 

- 

tWHZ 

WE to Output in High-Z 

- 

30 

- 

35 

- 

40 


A. C. TEST CONDITIONS 


Input Pulse Levels 

Vih = 2.2V, Vil=0.6V 

Input Rise and Fall Time 

10ns 

Input and Output Reference Levels 

1.5V 

Output Load 

1 TTL Gate & CL=100pF 
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TMM2063P-10, TMM2063P-1 2 
TMM2063P-15 

TIMING WAVEFORMS 

• READ CYCLE (1) 



o WRITE CYCLE 1 (4) (WE Controlled Write) 





ADDRESSES ^ 

r - .. 

_/ 

( 


CO 


Hr 




i; 

L - 

- ijiimmik 

L 





^cw 



\ 

_ L 

wm/m/mm/i 






twLZiS) 

*" mu'^wsm 

HIGH 

IMPEDANCE 



I ^DS 




®IN 

. . ,11 

^^DATA IN stable' 

\ _ 
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TMM2063P-10, TMM2063P-1 2 
TMM2063P-15 


WRITE CYCLE 2 (4) (CSI Controlled Write) 




















TMM2063P-10, TMM2063P-12 
TMM2063P-15 


Notej_ 

1.. WE is High for Read Cycle. 

2. Assuming that CSi Low transition or CS 2 High transition occurs coincident with or after WE Low transition. Outputs 
remain in a high impedance state. 

3. Assuming that CSi High transition or CS 2 Low transition occurs coincident with or prior to WE High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

5. These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tcLZ, toLZ, tWLz .Output Enable Time 

(B) tcHz, toHZ, twHz .Output Disable Time 



'Fig. 1 Output load condition for enable disable time measurement. 


OUTLINE DRAWINGS 



NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to N 0 .I and No.28 leads. 

Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

OAug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 


TMM2064P-10, TMM2064P-12 
TMM2064P-15 


DESCRIPTION 

The TMM2064P is a 65,536 bits high speed and 
low power static random access memory organized 
as 8,1 92 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 100ns/ 
120ns/150ns and maximum operating current of 
80mA. When CSi is a logical high or CS 2 is a logical 


low, the deivce is placed in a low power standby 
mode in which maximum standby current is 10mA. 
Thus the TMM2064P is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM2064P is 
fabricated with ion implanted N channel silicon gate 
MOS technology for high perfomance and high reli¬ 
ability. 


FEATURES 

• Access Time and Current 


Parameter 

Part 

Number 

Access 

Time 

(Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2064P-10 

100ns 

80mA 

10mA 

TMM2064P-12 

120ns 

80mA 

10mA 

TMM2064P-15 

1 50ns 

80mA 

10mA 


o Single 5V Power Supply 

• Fully Static Operation _ 

• Power Down Feature : CS 2 

o Output Buffer Control : OE 

• Three State Outputs 

• All Inputs and Outputs : Directly TTL Compatible 
o Inputs Protected : All inputs have protection 

against static charge. 


PIN CONNECTION 


BLOCK DIAGRAM 


Ws 

CS2 

A8 

A9 

] All 
OE 
] AlO 

] 5 ^ 

] i/oa 

] 1/07 
1 1/06 
3 1/05 
3 1/04 


PIN NAMES 


N.C . [ 
A121 2 
A7t 3 
A6[ 4 
A5t 5 
A4t 6 
A3 I 7 
A2 I 8 
A1 ( 9 
AO I 10 
I/OII 11 
1/02 [ 12 
1/031 13 
0ND[14 


281 
27 
261 
25 { 
24 
23 
221 
21 
20 
191 
18 
17 
16 
15 


SYMBOL 

NAME 

Ao~A4 

Column Address Inputs 

A5~Ai2 

Row Address Inputs 

C^, CS 2 

Chip Select Inputs 

WE 

Write Enable Input 

l/Oi-l/Oa 

Data Input/Output 


Output Enable Input 

Vcc 

Power (5V) 

GND 

Ground 

N. C. 

No Connection 
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TMM2064P-10, TMIVI2064P-12 
TMM2064P-15 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5-7.0 

V 

ViN, VoUT 

Input/Output Voltage 

-0.5*~7.0 

V 

Topr 

Operating Temperature 

0-70 

•c 

Tstg 

Storage Temperature 

-55-150 

•c 

Tsolder 

Soldering Temperature • Time 

260-10 

*C-sec 

Pd 

Power Dissipation (Ta = 70”C) 

1.0 

W 


* — 3.0V at Pulse width 50ns 


b. C. RECOMMENDED OPERATING CONDmONS^ ^(Ta=0~70 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.5»* 

- 

0.8 

V 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 


* * —3.0V at Pulse width 50ns 


^ 'D. C. characteristics (Ta=0~70'C, Vcc=5.0V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Vin=0V-5.5V 

-10 

- 

10 

aA 

VoH 

Output High Voltage 

louT= — 1.0mA 

EO 

- 

- 

V 

VoL 

Output Low Voltage 

Iout= 2.1 mA 

- 

- 

0.4 

V 

Ilo 

Output Leakage Current 

CSi=ViH or CSz =ViL or 
WE=Vil or OE=Vih, 
Vout=0V-5.5V 

-10 

■ 

10 

aA 

ISBP 

Peak Power-on Current 

CST^Vcc, CS 2 =0V 
louT=0mA 

- 

■ 

20 

mA 

ISB 

Standby Current 

CSi =ViH or CS 2 =ViL, 
louT=0mA 

- 

- 

10 

mA 

Icc 

Operating Current 


- 

- 

80 

mA 


CAPACITANCE ••• (Ta=25'C, f=l .0 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance , 

< 

z 

II 

0 

< 

5 

PF 

COUT 

Output Capacitance 

< 

z 

II 

0 

< 

10 

PF 


* ♦ ♦ Note : This parameter is periodically sampled and is not 100% tested. 
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TMM2064P-10, TMM2064P-1 2 
TMM2064P-15 


A C CHARACTERISTICS ' ITa=0~70'C, Vcc=6V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 



TMM2064P-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

tACC 

Address Access Time 

- 

100 

- 

120 

- 

150 

tC01 

CSi Access Time 

- 

100 

- 

120 

- 

150 

tC02 

CS 2 Access Time 

- 

100 

- 

120 

- 

150 

tOE 

OE Access Time 

- 

40 

- 

50 

- 

60 

tOH 

Output Data Hold Time from Address Change 

10 

- 

10 

- 

10 

- 

tCLZ 


10 

- 

10 

- 

10 

- 

tCHZ 

CSi or CS 2 to Output in High-Z 

- 

40 

- 

40 

- 

55 

tOLZ 


5 

- 

5 

- 

5 

- 

tOHZ 


- 

35 

- 

35 

- 

50 

tPU 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 

tPD 

Chip Deselection to Power Down Time 

- 

50 

- 

60 

- 

60 


Write Cycle 


SYMBOL 

PARAMETER 

TMM2064P-10 

TMM2064P-12 

TMM2064P-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

tew 

Chip Selection to End of Write 

80 

- 

100 

- 

120 

- 

tAS 

Address Set Up Time 

10 

- 

10 

- 

10 

- 

tWP 

Write Pulse Width 

70 

- 

85 

- 

100 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tos 

Data Set Up Time 

40 

- 

50 

- 

60 

- 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

tWLZ 

WE to Output in Low-Z 

5 

- 

5 

- 

5 

- 

tWHZ 

WE to Output in High-Z 

- 

30 

- 

35 

- 

40 


A. C. TEST CONDITIONS 


Input Pulse Levels 

Vih = 2.2V, Vil=0.6V 

Input Rise and Fall Time 

ibns 

Input and Output Reference Levels 

1.5V 

Output Load 

1 TTL Gate & Cl=100pF 
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TMM2064P-10, TMM2064P-12 
TMM2064P-15 


TIMING WAVEFORMS 

« READ CYCLE (1) 


ADDRESS ES 


CS 2 


CS 1 




^OUT 



o WRITE CYCLE 1 (4) (WE Controlled Write) 
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TI\/IM2064P-10, TMM2064P-12 
TMM2064P-15 

• WRITE CYCLE 2 (4) (C^ Controlled Write) 



o WRITE CYCLE 3 (4) (CS2 Controlled Write) 



%C 


—\ 

ADDRESSES y 

___: J 

( 

'^AS 

1 ■ i 

%p 

'’^WR 




\ 7 


0 3 2 7 


■ 

m 

- 

^cw 

\_ 






1 

\ 


a 


mmmmm 



1 

1 

HIQH IMPEDANCE 


■ 


l^OUT 

iH 

^DH 1 

Djjj y^DATA IN STA 

ffl_ 
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TMM2064P-10, TMM2064P-12 
TMM2064P-15 


Note : 

1. WE is High for Read Cycle. 

2. Assuming that CSi Low transition or CS 2 High transition occurs coincident with or after WE Low transition. Outputs 
remain in a high impedance state. 

3. Assuming that CSi High transition or CS 2 Low transition occurs coincident with or prior to WE High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

5. These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tcLz, toLZ, twLZ .Output Enable Time 1 

(B) tcHz, toHz, twHz .Output Disable Time 




Fig. 1 Output load condition for enable disable time measurement. 


OUTLINE DRAWINGS 


Unit: mm 



37.4 MAX. 




NOTES : Each lead pitch is 2.54mm. All leads are locatecTwithin 0.25mm of theirtrue longitudinal position with respect 
to N 0 .I and No.28 leads. 


Note ; Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©Aug., 1985 Toshiba Corporation 


— B-46 — 






TOSHIBA MOS MEMORY PRODUCT 

8,192 WORD X 8 BIT CMOS STATIC RAM TC5563APL-10, TC5563APL-12 

SILICON GATE CMOS Tr'KKftQ A Dl _ 1 K 


PRELIMINARY 


DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8,1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 100ns/120ns/1 5Qns. 

When CE 2 is a logical low or CEi is a logical high, 
the device is placed in low power standby mode in 
which standby current is 2;iA typically. The 
TC5563APL has three control inputs. Two chip 
enables (CEi, CE 2 ) allow for device selection and 
data retention control, and an output enable input 


(OE) provides fast memory access. Thus the 
TC5563APL is suitable for use in various micro¬ 
processor application systems where high speed, 
low power, and battery back up are required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 


FEATURES 

o Low Power Dissipation 
27.5mW/MHz (MAx.) Operating 
o Standby Current: IOO/ 2 A (Max.) Ta = 70”C 
o Access Time 

TC5563APL-10 : 100ns (Max.) 
TC5563APL-12 ; 120ns (Max.) 
TC5563APL-1 5 ; 1 50ns (Max.) 
o 5V Single Power Supply 


PIN CONNECTION (TOP VIEW) 


64k t)it EPHOM 

TC5563APL TMM2764D 

N.C. 

A12 
A7 
A6 
As 
A4 
A3 
A2 
A1 
AO 
I/Ol 
I./O2 
I/D 3 
OND 


PIN NAMES 


> 

0 

1 

> 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE, 

Chip Enable Inputs 

00 

0 

T 

5 

Data Input/Output 

Vdd 

Power ( + bV) 

GND 

Ground 

N. C. 

No Connection 



J - 

28 

1 

Vdd 

Vpp 

[ 


■' 28 

C2 

27 

: 

it/W 

A12 

[ 

2 

27 

3 

26 


CE2 

A7 

[ 

3 

26 

4 

25 


A8 

A6 

C 

4 

25 3 

5 

24 

3 

A9 

As 

[ 

5 

24 

6 

2.3 


All 

A4 

c 

6 

23 

C'^ 

2 x 


OE 

A3 

[ 

7 

22 

[8 

21 

3 

AlO 

A2 

t 

8 

21 

[9 

20 

3 

CEl 

Al 

t 

9 

20 

tio 

19 

3 

1/08 

AO 

c 

in 

19 

11 

18 

3 

I/O 7 

00 

[ 

11 

18 

tl2 

17 

3 

1/06 

01 

c 

12 

17 

13 

16 

3 

I/O 5 

O 2 

c 

13 

16 

14 

15 

] 

I/O 4 

OND 

c 

14 

15 


Os 


o Power Down Features : CE2, CEI 
o Fully Static Operation 
o Data Retention Supply Voltage : 2.0~5.5V 
o Directly TTL Compatible 
: All Inputs and Outputs 
o Pm Compatible with 2764 type EPROM 
o TC5565APL Family (Package Type) 


Package Type 

Device Name 

600 mil DIP 

•TC5565APL 

300 mil DIP 
(Slim Package) 

TC5563APL 

Flat Package(SOP) 

*TC5565AFL 


* ) See TC5565APL Technical Date. 


BLOCK DIAGRAM 
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TC5563APL-10, TC5563APL-12 
TC5563APL-15 


OPERATION MODE 


OPERATION MODE 


CE 2 

OE 

R/W 

l/0l~l/08 

POWER 

Read 

L 

H 

L 

H 

Dour 

Iddo 

Write 

L 

H 

* 

L 

Din 

Iddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

Iddo 

Standby 

H 

* 

* 

* 

High-Z 

Idds 

* 

L 

♦ 

* 

High-Z 

Idds 


* : H or L 

MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

ViN 

Input Voltage 

-0.3*~7.0 

V 

Vi/0 ■ 

Input and Output Voltage 

—0.5—Vdd+0.5 

V 

Pd 

Power Dissipation 

0.8 

W 

Tsolder 

Soldering Temperature 

260-10 

’C-Sec 

Tstg 

Storage Temperature 

-55-150 

’C 

Topr 

Operating Temperature 

0 

r-^ 

; 

0 

•c 


* : — 3.0V at Pulse width 50ns 


D. C RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 


TYP 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

. 5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

ViL 

Input Low Voltage 

-0.3‘ 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


* : —3.0V at Pulse width 50ns 


D. C and OPERATING CHARACTERISTICS (Ta=0~70C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 




III 

Input Leakage Current 

ViN=0— Vdd 

- 

MM 



loH 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 


lOL 

Output Low Current 

Vol = 0.4V 


- 

- 

— 


Output Leakage Current 

CEi = Vih orCE 2 = ViL or 

R/W = Vil or OE=Vih 

Vour = 0—Vdd 

1 

■ 



Iddoi 

Operating Current 

Vdd = 5.5V lout=OmA 

^ =VlL 

CE2=Vih 

Other Input 

= Vih/Vil 

tCYCLE= 1 fiS 

- 

- 



tcYCLE= Min. cycle 

- 

- 

45 

mA 

IdD02 

Operating Current 

Vdd = 5.5V 
^=0.2V 

CE2=Vdd-0.2V 

Other Input lout=0mA 

=Vdd-0.2V/0.2V 

tCYCLE= 1//S 

- 

- 

■ 

mA 

tcYCLE= Min. cycle 

- 

- 



Iddsi 

Standby Current 

CEi — ViH orCE 2 =ViL 

- 

- 



*IdDS2 

Standby Current 

CEi=Vdd— 0.2V or 

CE2=0.2V 

Vdd=2.0-5,5V 

- 

2 

100 



* : In standby mode with CEi SVdd —0.2V, these specification limits are guaranteed under the condition of CE 2 ^Vdd —0.2V or 
CE2SO.2V. 





















































TC5563APL-10, TC5563APL-12 
TC5563APL-15 


CAPACITANCE (Ta==25 C) 



PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vin = GND 

10 

PF 

CoUT 

Output Capacitance 

Vout = GND 

10 

PF 


Note : This parameter periodically sampled is not 100% tested. 


A. C. CHARACTERISTICS (Ta=0~70 C, Vd.)-5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 




UNIT 



MIN. 



■I 

tRC 

Read Cycle Time 


- 




■i 

ns 

tACC 

Address Access Time 

- 

100 

- 

■Bi 

- 


ns 

tcoi 

CE1 Access Time 

- 


- 


- 


ns 

tC02 

CE2 Access Time 



- 

120 

- 

150 

ns 

tOE 

Output Enable to Output Valid 



- 

60 

- 

70 

ns 

tCOE 

Chip Enable (CTT, CE2) to 

Output in Low-Z 

10 

■■ 

10 

■ 

15 

■■ 

ns 

tOEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

too 

Chip Enable (CEI, CE2) to Output in High-Z 

- 

35 

- 

40 

- 

50 

ns 

tODO 

Output Enable to Output in High-Z 

- 

35 

- 

40 

- 

50 

ns 

tOH 

Output Data Hold Time 

20 

- 

20 

- 

20 

- 

ns 


Write Cycle 


SYMBOL 

PARAMETER 

TC5563APL-10 

TC5563APL-12 

TC5563APL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

tWP 

Write Pulse Width 

60 

- 

70 

- 

90 

- 

ns 

tew 

Chip Selection to End of Write 

80 

- 

85 

- 

100 

- 

ns 

tAS 

Address Set up Time 

0 

- 

0 

- 

0 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

tODW 

R/W to Output in High-Z 

- 

35 

- 

40 

- 

50 

ns 

tOEW 

R/W to Output in Low-Z 

5 

- 

5 

- 

10 

- 

ns 

tos 

Data Set Up Time 

40 

- 

50 

- 

60 

- 

ns 

tOH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

ns 


A. C. TEST CONDITIONS 


Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 


: 10OpF + 1 TTL Gate 
: 0.6V, 2.4V 
ViN : 0.8V, 2.2V 
Vour : 0.8V, 2.2V 
: 5ns 
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• READ CYCLE (1) 





TC5563APL-10, TC5563APL-12 
TG5563APL-15 


o WRITE CYCLE 2 (4) |CE1 Controlled Write) 



o WRITE CYCLE 3 (4) (CE2 Controlled Write) 

twc 



— B-5 



TC5563APL-10, TC5563APL-I2 
TC5563APL-15 


Note : 

1. R/W is High for Read cycle, 

2. Assuming that CEi low transition of CE 2 High transition occurs coincident with or after R/W Low transition. Outputs 
remain in a high impedance state. 

3. Assuming that CEi High transition or CE 21 L 0 W transition occurs coincident with or prior to R/W High transition 

Outputs remain in a high impedance state. ^ 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period 


DATA RETENTION CHARACTERISTICS (Ta=0-700 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Supply Current 

Vdd = 3.0V 

- 

- 

50 


\/dd= 5.5V 

- 

- 

100 

t^A 

tCDR 

Chip Deselection to Data Retntion Mode 

0 

- 

- 

flS 

tR 

Recovery Time 

tRC* 

- 

- 

ns 


* : Read cycle time. 


• CEI Controlled Data Retention Mode (1) 



• CE2 Controlled Data Retention Mode (3) 
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TG5563APL-10, TC5563APL-12 
TC5563APL-15 


Note ; _ 

1 . In CtT controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 
2V or CE2 ^Vdd-0.2V. 

2. If the ViH of CE, is 2.2V in operation , loosi current flows during the period that the Vdd voltage is going down 
from 4.5V to 2.4V. 

3. In CE 2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 
2V. 

DEVICE INFORMATION 

The TC5563APL is an asynchronous RAM using address activated circuit technology, thus th'^ internal operation 
IS synchronous. Then once row address change occur, the precharge operation is executed by inte.': "^l pulse 
generated from row address transient. Therefore the peak current flows only after row address change, as sh- wn 
in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about 0.1/^F. decoupling 
capacitor for every device is recommended to eliminate such noise. 



Vdp=&5v 
ViH = i^3V 
Vj ,,= asv 

Horiiion 200nS/div 


Kl^*. TYt'lCAI, CUHHKNT WAVEKORMS 
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TC5563APL-10, TC5563APL-12 
TC5563APL-15 

OUTLINE DRAWINGS 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

28 27 26 25 21 23 22 21 20 19 18 17 16 15 Unit: DIS 


Jt rti-rji rp-fTr-r^ cfi 

iS 

"t* T T T T T Tfi 

< 

_ U 

1 

_I-.,,! -r . 

«> 

"p L4J 111 UJ LjJ LiJ CPiUJ MJ Lp LU Lpxp ur" 

1 2 3 4 s 8 7 8 8 10 11 12 13 14 

3S.SUAX 




Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described . no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 


8,192 WORD X 8 BIT 
CMOS STATIC RAM 

SILICON GATE CMOS 


TC5563APL-10L TC5563APL-12L 
TC5563APL-15L 


PRELIMINARY 


DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8,1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 100 ns/1 20ns/1 50ns. When CE 2 is a 
logical low or ^1 is a logical high, the device is 
placed in low power standby mode in whioh standby 
current is 0.6^A typically. The TC^3APL has three 
control inputs. Two chip enables (CEi, CE 2 ) allow for 
device selection and data retention control, and an 
output enable input (OE) provides fast memory 


access. Thus the TC5563APL is suitable for use in 
various microprocessor application systems where 
high speed, low power, and battery back up are 
required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 


FEATURES 

• Low Power Dissipation 
27.5mW/MHz (MAx.) Operating 

• Standby Current; l/^A (Max.) Ta = 25“C 

• Access Time 

TC5563APL-10L : 100ns (Max.) 
TC5563APL-12L ; 120ns (Max.) 
TC5563APL-15L : 150ns (Max.) 


• 5V Single Power Supply _ 

• Power Down Features : CE2, CEI 

• Fully Static Operation 

® Data Retention Supply Voltage ; 2.0~5.5V 

• Directly TTL Compatible 

: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 

• TC5565APL Family (Package Type) 


PIN CONNECTION (TOP VIEW) 


TC5563APL 


N.C 

Alztjs 

Avt 3 
Aet 4 
A5[ 5 
A4[ 6 
A3t 7 
A2[ 8 
Al t 9 
AOC 1C 

i/oic 1: 
I/02[ 1 ; 
1/03 c 1: 

QND£ K 


28 J VdD 

27 1 R/W 
26 ) CE2 
25 1 A8 
24 ] A9 
23 ] All 
22 ] 

21 ) AlO 
20 ] CEl 
19 1 1/08 
18 ) I/O 7 

17 ] 1/06 
16 ] I/Ob 
15 J I/O 4 


64k tit EPROM 
TMM2764D 


vppt 1 
A12C 2 
Avt 3 
Aet 4 
Abt 5 
A4[ 6 
A3t 7 
A 2 I 8 
Alt 9 
AOC 10 

00 C 11 
Ol[ 12 
02C 13 
QNDC 14 


28 3VCC 
27 3P0M 
26 3 N.C. 
25 3A8 
24 3 Ag 
23 3 Al 1 
22 3 0E 
21 3 AlO 
20 JOE" 
19 ] O 7 
18 3 06 
17 ] O 5 
16 3 O 4 
15 3 O 3 


PIN NAMES 


> 

0 

( 

> 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE7, CE2 

Chip Enable Inputs 

l/Oi-l/Oa 

Data Input/Output 

Vdd 

Power (-P5V) 

GND 

Ground 

N. C. 

No Connection 


Package Type 

Device Name 

600 mil DIP 

•TC5565APL 

300 mil DIP 
(Slim Package) 

TC5563APL 

Flat Package(SOP) 

‘TC5565AFL, 


* ; See TC5565APL/AFL Technical Date. 


BLOCK DIAGRAM 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 


OPERATION MODE 


OPERATION MODE 



OE 

R/W 

l/0.~l/0, 

POWER 

Read 

L 

H 

L 

H 

Dout 

Iddo 

Write 

L 

H 

♦ 

L 

Din 

Iddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

Iddo 

Standby 

H 

♦ 

* 

* 

High-Z 

Idds 

♦ 

L 

* 

* 

High-Z 

Idds 


* : H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

ViN 

Input Voltage 

-0.3*~7.0 

V 

Vi/0 

Input and Output Voltage 

—0 .5—Vdd+0 .5 

V 

Pd 

Power Dissipation 

0.8 

W 

Tsolder 

Soldering Temperature 

260-10 

'C-Sec 

Tstg 

Storage Temperature 

-55-150 

•c 

Topr 

Operating Temperature 

0-70 

•c 


* : -3.0V at Pulse width 50ns 


D. C RECOMMENDED OPERATING COiypiTION^^^^^^^ 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

ViL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


* : -3.0V at Pulse width 50ns 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 


D. C and OPERATING CHARACTERISTICS' (Ta=0-70C, Vod=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Leakage Current 

Vin = 0~Vdd 

- 

- 

±1.0 


loH 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

lOL 

Output Low Current 

Vol=0.4V 

4.0 

• - 

- 

mA 

Ilo 

Output Leakage Current 

CEi=Vih or CE 2 =Vil or 

R/W=Vil or OE=Vih 

Vout = 0~Vdd 



±1.0 

aA 

Iddoi 

operating Current 

Vdo = 5.5V lout=OmA 

^=VlL 

CE2 = Vih 

Other lnput=ViH/ViL 

tCYCLE= 1;/S 



10 

mA 

tcYCLE = Min. cycle 



45 

IdD02 

Operating Current 

Vdd=5.5V 

^=0.2V 

CE2=Vdd-0.2V 

Other Input lout=OmA 
=Vdd-0.2V/0.2V 

tCYCLE= Vs 



5 

mA 

tcYCLE = Min. cycle 



40 

Iddsi 

Standby Current 

CEi=Vih or CEj=Vii. 



3 

mA 

*IdDS2 

Standby Current 

CEi=Vdd- 0.2V or 

CE2=0.2V 

Ta = 25-C 

- 

0.6 

1 .0 

//A 

Ta = 0~70-C 

- 

- 

30 


♦ : In Standby mode with CEi^\/dd-0.2V, these specification limits are guaranteed under the condition of ,CE2^Vdd- 0.2V or 
CE2^0.2V 


CAPACITANCE (Ta = 25 C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vin = GND 

10 

PF 

COUT 

Output Capacitance 

Vout = GND 

10 

PF 


Note : This parameter periodically sampled is not 100% tested. 
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TC5563APL-1OL. TC5563APL-12L 
TC5563APL-15L 


A. C. CHARACTERISTICS (Ta=0~70”C, Vdd=5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC5563APL-10L 

TC5563APL-12L 

TC5563APL-15L 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 


- 


- 

tACC 

Address Access Time 

- 


- 

IBI 

- 

150 

tcoi 

CE1 Access Time 

- 

mji 

- 

1^ 

- 

150 

tC02 

CE2 Access Time 

- 

100 

- 

■Hai 

- 

150 

tOE 

Output Enable to Output Valid 

- 

50 

- 

60 

- 

70 

tCOE 

Chip Enable (^, CE2) to 

Output in Low-Z 

10 

■ 

10 

■ 

15 

- 

tOEE 

Output Enable to Output in Low-Z 

5 


5 

- 

5 

- 

too 

Chip Enable (CE1 , CE2) to Output in High-Z 

- 


- 

40 

- 

50 

tODO 

Output Enable to Output in High-Z 

- 

35 

- 

40 

- 

50 

tOH 


20 

- 

20 

- 

20 

- 


Write Cycle 


SYMBOL 

PARAMETER 

TC5563APL-10L 

TC5563APL-12L 

TC5563APL-15L 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 

- 


- 

150 

- 

ns 

tWP 

Write Pulse Width 

60 

- 

70 

- 


- 

tew 

Chip Selection to End of Write 

80 

- 

85 

- 



tAS 

Address Set up Time 

0 

- 

0 

- 

0 

B 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tODW 

R/W to Output in High-Z 


35 

- 

40 

^Bi 


tOEW 

R/W to Output in Low-Z 


- 

5 

- 


- 

tos 

Data Set Up Time 

40 

- 

50 

- 

60 

- 

tOH 

Data Hold Time 

0 

- 

0 

- 

0 

- 


A. C. TEST CONDITIONS 


Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 

tr, tl 


: 10OpF+ 1 TTL Gate 
: 0.6V, 2.4V 
ViN : 0.8V, 2.2V 
VouT: 0.8V, 2.2V 
; 5ns 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 


TIMING WAVEFORMS 

o READ CYCLE (1] 


tRC 




• 

ADDRESSES \ 

ViL — 

C _ ■/ 

<:_ 


^ ^ACC j 

1 

^OH 



2f 

tC02 




f— 

■^coi 

^OD 





i_ 

rn/rnm. 






^OE 

■^OD 







mm/m 

^/// 

W/ 

^niTT ~ 



toEE , 

• H 


^ tODO 


)) 

tcOE 


r -^ 

OUTPUT DATA VALID 

k_____ f 


^OUT TT 

vql — 

■t^COE 

V 


UNKNOWN 


• WRITE CYCLE 1 (4) (R/W Controlled Write) 


ADDRESSES 


R/W 


CEg 


CEi 


I^OUT 


Din 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 

• WRITE CYCLE 2 (4) (Cfi Controlled Write) 


^WC 



O WRITE CYCLE 3 (4) (CEz Controlled Write) 
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TC5563APL-1OL, TC5563APL-12 
TC5563APL-15L 


Note : 

1. R/W is High for Read Cycle. 

2. Assuming thatCEi Low transition of CE 2 High transition occurs coincident with or after R/W Low transition. Outputs 
remain in a high impedance state. 

3. Assuming that CEi High transition or CE 2 Low transition occures coincident with or prior to R/W High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 



DATA F 

J {Ta=0~70 C> 






SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VoH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


Stand by Supply Current 

Vdd=3.0V 

— 

— 

15 


IdDS2 

Vdd = 5.5V 

- 

- 

30 

/<A 

tCDR 

Chip Deselection to Data Retention Mode 


0 

- 

- 

MS 

tR 

Recovery Time 

tRC* 

- 

- 

ns 


* : Read cycle time. ^ 

• CEI Controlled Data Retention Mode (1) 


DATA RETENTION MODE 


VDD-a2V 


CE2 Controlled Data Retention Mode (3) 

VdD- - 


DATA RETENTION MODE 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 

Note : 

1. In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V orCE2^DD-0.2V. 

2. If the ViH of CEi is 2.2V in operation, Iddsi current flows during the period that the Vdd voltage is going down from 
4.5V to 2.4V. 

3. In CE 2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V. 


The TC5563APL/F is an asynchronous RAM using 
address activated circuit technology, thus the inter¬ 
nal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on Vdd/GND lines. Thus the use of about 0. 
1//F decoupling capacitor for every device is 
recommended to eliminate such noise. 


ADDRESSES 


60 


40 

Iddo 

(mA) ZO 


0 


Fig. TYPICAL CURRENT WAVEFORMS 







r 












I] 






J 

















I 






















1 






















1 







4 1 











4^ 













n 


j 





Vdd=&SV 

Vih=R3V 

Vil=QZV 

Horizon lOOnS/div 


• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 






_. . . . 

J 





Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No. 1 and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry, 

©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 

TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TG5565AFL-12, TC5565AFL-15 


iDESCklPTIQNl 

The TC5565APL/AFL is 65,536 bit static random access memory organized as 8,192 words 
by 8 bits using CMOS technology, and operates from a single 5V supply. Advanced cir¬ 
cuit techniques provide both high speed and low power features with a maximum operat¬ 
ing current of 5mA/MHz and maximum access time of 100ns/120ns/150ns. 

When CE2 is a logical low or CEl is a logical high, the device is placed in low power 
standby mode in which standby curr ent is 2yA typically. The TC5565APL/AFL has three 
control inputs. Two chip enable (CEl, CE2) allow for device selection and data re¬ 
tention control, and an output enable input (OE) provides fast memory access. Thus 
the TC5565APL/AFL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. 

The TC5565APL also features pin compatibility with the 64K bit EPROM (TMM276AD). 

RAM and EPROM are then interchangeable in the same socket, resulting in flexibility 
in the definition of the quantity of RAM versus EPROM in microprocessor application 
systems. The TC5565APL is offered in a dual-in-line 28 pin standard plastic package. 
The TC5565AFL is offered in 28 pin mini Flat Package. 


FEATURES 


,Low Power Dissipation 

27.5mW/MHz(Max.) Operating 
. Standby Current : 100uA(Max.) Ta=70“C 
. Access Time 

TC5565APL/AFL-10 : 100ns(Max.) 
TC5565APL/AFL-12 : 120ns(Max.) 
TC5565APL/AFL-15 : 150ns(Max.) 

. 5V Single Power Supply _ 

. Power Down Features; Cp2> CEl 
. Fully Static Operation 

. Data Retention Supply Voltage: 2.0~5.5V 
PIN CONNECTION! (TOP VIEW) 


Directly TTL Compatible 
; All Inputs and Outputs 
Pin Compatible with 2764 type EPROM 
TC5565APL Family (Package Type) 


Package Type 

Device Name 

600 mil DIP 

TC5565APL 

300 mil DIP 
(Slim Package) 

*TC5563APL 

Flat Package 
(SOP) 

TC5565AFL 


*) See TC5563APL Technical Data. 


TC55 65APIv AFL 


64k bit EPROM 
TMM27640 


BLOCK DIAGRAM 


N.C. C 


2a 

1 ^DD 

Vpp c 

1 

A12 c 

z 

27 

3 R/W 

A 12 C 

2 

A7 C 

3 

26 

3 CEg 

Arf C 

3 

A6 C 

4 

25 

3 As 

Ae c 

4 

AS C 

5 

24 

3 Ag 

As t 

5 

A4 Z 

6 

23 

3 Au. 

A 4 ( 

6 

A3 C 

7 

22 

3 SIT 

A 3 1 

7 

A2 C 

a 

21 

^ Am 

A2 t 

a 

A1 C 

9 

20 

3 CEl 

Al t 

9 

AQ C 

10 

19 

31/Oa 

^ t 

10 

I/Oi t 

n 

Ifl 

3 - 1 /O 7 

Oq I 

11 

lyozi 

12 

17 

J r/Og 

0 l t 

12 

L/O3 t 

12 

16 

3 I/O 5 

O 2 t 

13 

QNDcj 

14 

13 

3 I/O 4 

OND t 

14 


283 
Z73 
263 
253 
24] 

223 
223 
213 
20 3 

15 3 O 7 
IB 3 Og 
17 3 O 5 

16 3 O 4 , 
ISP O 3 


& 

N.C. 

As 

Ag 

ce 


CLOCK 

OENERATOR 

- 

PRECHAROE 

CIRCUIT 

-i-U 


J_L 


Vdd 

OND 


PIN NAMES 

A0~A12 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE1,CE2 

Chip Enable Inputs 

I/01-I/08 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


OPERATION MODE 


OPERATION MODE 

^1 

CE2 

OE 

R/W 

I/01-I/08 

POWER 

Read 

L 

H 

L 

H 

DoUT 

Iddo 

Write 

L 

H 

* 

L 

Din 

iddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

Iddo 

Standby 

H 

* 


* 

High-Z 

Idds 

* 

L 

* 

* 

High-Z 

Idds 


* : H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

VIN 

Input Voltage 

*-0.3-7.0 

V 

Vl/0 

Input and Output Voltage 

-0.5~Vdd+0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

W 

Tsolder 

Soldering Temperature 

260-10 

“C-sec 

Tstg 

Storage Temperature 

-55-150 

“C 

Topr 

Operating Temperature 

0-70 

“C 


* -3.0V at pulse width 50ns MAX. ** Flat package 


D.C RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 


vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

VdeH-0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

VdH 

Dat^ R^ention Supply Voltage 

2.0 

- 

5.5 

V 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


D.C and OPERATING CHARACTERISTICS (Ta=0~70“C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage 

Current 

Vin=0~Vdd 

■ 

■ 

±1.0 

yA 

I OH 

Output High Current 

Voh=2.4V 

-1.0 

- 

- 

mA 

lOL 

Output Low Current 

Vol=0.4V 

4.0 

- 

- 

mA 

Ilo 

Output Leakage 
Current 

CEi=Vih or CE2 =Vol or 

R/W=Vil or 0 E=Vih 

VouT=0~Vdd 

■ 

■ 

±1.0 

yA 

^DDOl 

Operating Current 

Vdd=5.5V 

■^l=ViL 

CE2=Vih 

Other input= 

vih/Vil 

tcycle~T.Oys 

- 

- 

10 

mA 

TC5565APL-10 

TC5565AFL-10 

tcycle 

=100ns 

D 

■ 

45 

mA 

TC5565APL-12 

TC5565AFL-12 

wH 

■ 

B 

40 

mA 

TC5565APL-15 

TC5565AFL-15 


H 

B 

35 

mA 

IdD02 

Vdd=5.5V 
^1=0.2V 
CE2=Vdd-0.2V 

Other input= 
Vdd-0.2V/0.2V 

^cycle~T•Ous 

- 

- 

5 

mA 

TC5565APL-10 

TC5565AFL-10 

tcycle 

=100ns 

■ 

B 

40 

mA 

TC5565APL-12 

TC5565AFL-12 

tcycle 

=120ns 

■ 

B 

35 

mA 

TC5565APL-15 

TC5565AFL-15 


■ 

B 

30 

mA 

iDDSl 

Standby Current 

CE1=Vih or CE2 =Vil 

- 

- 

3 

mA 

*IdDS2 

CEi=Vdd- 0.2V or 

CE2=0.2V 

Vdd=5.5V 

- 

2 

100 

yA 

Vdd=3.0V 

- 

1 

50 

yA 


Note * : In standty pode with CEl^V dd~ 0*2V, these specification limits are guaranteed 
under the. condition of CE2 ^Vdd- 0.2V or CE2^0.2V. 


CAPACITANCE (Ta=25“C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vin=GND 

- 

- 

10 

pF 

COUT 

Output Capacitance 

VouT“CN^ 

- 

- 

10 

pF 


Note : This parameter periodipally sampled is not 100% tested. 
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TC5565APL-10, TG5565APL>12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


A.C. CHARACTERISTICS (Ta=0^70“C, Vdd=5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

TC5565APL-10 

TC5565AFL-10 

TC5565APL-12 

TC5565AFL-12 

TC5565APL-15 

TC5565AFL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 

120 

■- 

150 

- 

ns 

*^ACC 

Address Access Time 

- 

100 

- 

120 

- 

150 

ns 

tcoi 

CEi Access Time 

- 

100 

- 

120 


150 

ns 

CC02 

CE2 Access Time 

- 

100 

- 

120 

- 

150 

ns 

tOE 

Output Enable to Output Valid 

- 

50 

- 

60 

- 

70 

ns 

tCOE 

Chip Enable (CEi, CE2) to 

Output in Low-Z 

10 

- 

10 

- 

15 

- 

ns 

tOEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

tOD 

Chip Enable (CEl, CE2) to 

Output in High-Z 

- 

35 

■ 

40 

- 

50 

ns 

tODO 

Output Enable to Output in High-Z 

- 

35 

- 

40 

- 

50 

ns 

tOH 

Output Data Hold Time 

20 

- 

20 

- 

20 

- 

ns 


Write Cycle 


SYMBOL 

PARAMETER 

TC5565APL-10 

TC5565AFL-10 

TC5565APL-12 

TC5565AFL-12 

TC5565APL-15 

TC5565AFL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

twp 

Write Pulse Width 

60 

- 

70 

- 

90 

- 

ns 

tew 

Chip Selection to End of Write 

80 

- 

85 

- 

100 

- 

ns 

tAS 

Address Set up Time 

0 

- 

0 

- 

0 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

tODW 

R/W to Output High-Z 

- 

35 

0 

40 

- 

50 

ns 

tOEW 

R/W tO‘Output Low-Z 

5 

- 

5 

- 

10 

- 

ns 

tDS 

Data Set up Time 

40 

- 

50 

- 

60 

- 

ns 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

ns 


A.C. TEST CONDITION 


Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 
tr, tf 


: lOOpF + 1 TTL Gate 
: 0.6V, 2.4V 
ViN : 0.8V, 2.2V 
VoUT : 0-8V, 2.2V 
: 5ns 
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TC5565APL>10/TG5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 

TIMING WAVEFORMS 
READ CYCLE (1) 



WRITE CYCLE 1 (4) (R/W Controlled Write) 
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TC5565APL>10, TC5565APL-12, TC5565APL>15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 

Note 1. R/W is High for Read Cycle. 

2. Assuming that CEi Low transition of CE 2 High transition occurs coincident 
with or after R/W Low transition. Outputs remain in a high impedance state. 

3. Assuming that CEi High transition or CE 2 Low transition occure coincident 
with or prior to R/W High transition. Outputs remain in a high impedance 
state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 


DATA RETENTION'CHARACTERISTICS (Ta=0-70“C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Stand by Supply Current 

Vdd=3.0V 

- 

- 

50 

UA 

Vdd=5.5V 

- 

- 

100 

^CDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

US 

tR 

Recovery Time 

tRC(l) 

- 

- 

US 


Note (1) : Read cycle time. 


CE] Controlled Data Retention Mode (2) 



CE2 Controlled Data Retention Mode (4) 

Vdd “ 

4.5V _ 


ViL- 

OND 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 

Note 2 : In CEl controlled data retention mode, minimum standby current mode is 
achieved under the condition of CE2^0.2V or CE 2 2V. 

3 : If the Vih of CEl is 2.2V in operation, IddSI current flows during the 

period that the Vdd voltage is going down from 4.5V to 2.4V. 

4 : In CE2 controlled data retention mode, minimum standby current mode is 

achieved under the condition of CE2^0.2V. 

DEVICE INFORMATION 

The TC5565APL/AFL is an synchronous RAM using address activated circuit technology 
thus the internal operation is synchronous. Then once row address change occur, 
the precharge operation is executed by internal pulse generated from row address 
transient. Therefore the peak current flows only after row address change, as 
shown in the following figure. 

This peak current may induce the noise on Vj)d/GND lines. Thus the use of about 
O.lyF decoupling capacitor for every device is recommended to eliminate such noise 


ADDRESSES 


Iddo 

(mA) 



Vi5D=&5V 
Vih = &3V 
ViL=a2V 

Horizon lOOne/div 


?lg. TTPICAL CURRENT WAVE70RMS 
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TC5565APL-10, TC5565APL-12, TG5565APL>15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL<15 


DIP 28 PIN OUTLINE DRAWING (6D28A-P) 


Unit in mm 



MFP 28 PIN OUTLINE DRAWING (F28GC-P) 


Unit in mm 
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TOSHIBA MOS MEMORY PRODUCT 


8.192 WORD X 8 BIT 
CMOS STATIC RAM 

SILICON GATE CMOS 


TC5565APL-10U TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 


DESCRIPTION 

The TC5565APL/AFL is 65,536 bit static random 
access memory organized as 8,192 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 10Ons/120ns/1 50ns. When CE 2 is a 
logical low or CEi is a logical high, the device is 
placed in low power standby mode in which standby 
current is 0.6juA typically. The TC5565APL/AFL has 
three control inputs. Two chip enables (CEi, CE 2 ) 
allow for device selection and data retention control, 
and an output enable input (OE) provides fast mem¬ 


ory access. Thus the TC5565APL/AFL is suitable for 
use in various microprocessor application systems 
where high speed, low power, and battery back up 
are required. 

The TC5565APL/AFL also features pin compati¬ 
bility with the 64k bit EPROM (TMM2764D). RAM 
and EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5565APL/AFL is offered in a dual-in-line 
28 pin standard plastic package. 


FEATURES 

o Low Power Dissipation 
27.5mW/MHz (MAx.) Operating 
o Standby Current: i^A (Max.) Ta = 25‘C 
o Access Time 

TC5565APL/AFL-10L : 100ns (Max.) 
TC5565APL/AFL-12L : 120ns (Max.) 
TC5565APL/AFL-1 5L : 150ns (Max.) 


PIN CONNECTION 

TC5565APL/APL 
28 ] Vdd 

27 ] R/W 
26 ] CE2 
25 ] A8 
24 ] A9 
23 ] All 
22 ] UIT 
21 3 AlO 
20 ] CEl 
19 J 1/08 
18 ] I/O7 
17 ] 1/06 
16 ] I/O5 
15 3 I/O4 


N.C. t 

1 

A12t 

2 

A7 t 

3 

A6( 

4 

A5 1 

5 

A4 I 

6 

A3[ 

7 

A2t 

8 

Alt 

9 

AOt 

10 

I/01( 

11 

1/02 [ 

12 

I/03t 

13 

OND[ 

14 

NAMES 


(TOP VIEW) 

64k bit EPROM 
TMM2764D 

IT 


vppc 
A12C 2 
A7C 3 
Aec 4 
AsC 5 
A4t 6 
A3t 7 
A2[ 8 
Alt 9 
AOt 10 
00 [ 11 
0l[ 12 
02t 13 
ONDC 14 


28p VCC 


3 Pom 
IN.C. 
:A8 
3 A9 
3 All 
3 0E 
]A10 

3CF 
19 3 O7 
18 3 06 


17 
16 
15 h 03 


] 05 

3 O4 


< 

( 

0 

< 

Address Inputs 

R/W 

ReadAA/rite Control Input 

OE 

Output Enable Input 

CE 2 

Chip Enable Inputs 

l/Oi-l/Oa 

Data Input/Output 

Vdd 

Power (-f 5V) 

GND 

Ground 

N. C. 

No Connection 


o 5V Single Power Supply _ 

o Power Down Features ; CE2, CEI 
o Fully Static Operation 
o Data Retention Supply Voltage : 2.0~5.5V 
o Directly TTL Compatible 
: All Inputs and Outputs 
o Pin Compatible with 2764 type EPROM 
o TC5565APL Family (Package Type) 


Package Type 

Device Name 

600 mil DIP 

TC5565APL 

300 mil DIP 
(Slim Package) 

‘TC5563APL 

Flat Package(SOP) 

TC5565AFL 


* : See TC5563APL Technical Date. 


BLOCK DIAGRAM 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 


OPERATION MODE 


OPERATION MODE 

cT, 

CEj 

OE 

R/W 

l/0.~l/0. 

POWER 

Read 

L 

H 

L 

H 

Dout 

Iddo 

Write 

L 

H 

♦ 

L 

Din 

Iddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

Iddo 

Standby 

H 

* 

♦ 

* 

High-Z 

Idds 

* 

L 

♦ 

* 

High-Z 

Idds 


* : H or L 


MAXiMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

• V 

ViN 

Input Voltage 

-0.3*-7.0 

V 

Vi/0 

Input and Output Voltage 

—0.5—Vdd+0.5 

V 

Pd 

Power Dissipation 

1 .0/0.6“ 

W 

Tsolder 

Soldering Temperature 

260-10 

'C-Sec 

Tstg 

Storage Temperature 

-55-150 

■c 

Topr 

Operating Temperature 

0-70 

•c 


* ; —S.OV at Pulse width 50ns 

* ♦ Flat package 


D. C RECOMMENDiD OPlRi^ 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

ViL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


* : —3.0V at Pulse width 50ns 


— B-74 — 




























































































TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 


D. C and OPERATING CHARACTERISTICS (Ta=0~70C, Vdd=5V±io%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Vin = 0~Vdo 

- 

- 


aA 

loH 

Output High Current 

Voh=2.4V 

-1.0 

- 

- 

mA 

loL 

Output Low Current 

Vol=0.4V 

4.0 

- 

- 

mA 

Ilo 

Output Leakage Current 

CEi=Vih or CE 2 =Vil or 

R/W=V.l or OE=Vih 

Vout=0~Vdd 

■ 

■ 

±1.0 

aA 

Iddoi 

operating Current 

Vdd = 5.5V lout=OmA 

C^=VlL 

CE2=Vih 

Other lnput=ViH/ViL 

tCYCLE= 1/iS 

■ 

- 

10 

mA 

tcYCLE = Min. cycle 

■ 

■ 

45 

IdD02 

Operating Current 

Vdd=5.5V 

^=0.2V 

CE2=Vdd-0.2V 

Other Input .lout=OmA 

=Vdd-0.2V/0.2V 

tCYCLE= 1;iS 

■ 

■ 

5 

mA 

tcYCLE = Min. cycle 

■ 

■ 

40 

Iddsi 

Standby Current 

1 

CEt=ViH or CE 2 =Vil 

■ 

■ 

3 

mA 

*IdOS2 

Standby Current 

CEi=Vdd- 0.2V or 

CE2=0.2V 

Ta = 25'C 

- 

0.6 

1 .0 

//A 

Ta = 0--70'C 

- 

- 

30 


* : In standby mode with CEi^Vdd- 0.2V, these specification limits-are guaranteed under the condition of CE2 ^Vdd- 0.2V or 
CE2^0.2V. 


CAPACITANCE (Ta = 25 C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vin = GND 

10 

PF 

COUT 

Output Capacitance 

Vout = GND 

10 

PF 


Note : This parameter periodically sampled is not 100% tested. 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL12L, TC5565AFL-15L 

'■''A7C/CHARACtiRISliCS7J (Ta=0-70-C, Vod=6V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC5565APL-10L 

TC5565AFL-10L 

TC5565APL-12L 

TC5565AFL-12L 

TC5565APL-15L 

TC5565AFL-15L 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 

tACC 

Address Access Time 

- 

100 

- 

120 

- 

150 

tcoi 

CE1 Access Time 

- 

100 

- 

120 

- 

150 

tC02 

CE2 Access Time 

- 

100 

- 

120 

- 

150 

tOE 

Output Enable to Output Valid 

- 

50 

- 

60 

- 

70 

tCOE 

Chip Enable (^, CE2) to 

Output in Low-Z 

10 

■ 

10 

■ 

15 

■ 

tOEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 

too 

Chip Enable (CE1, CE2) to Output in High-Z 

- 

35 

- 

40 

- 

50 

tODO 

Output Enable to Output in High-Z 

- 

35 

- 

40 

- 

50 

tOH 

Output Data Hold Time 

20 

- 

20 

- 

20 

- 


Write Cycle 


SYMBOL 

PARAMETER 

TC5565APL-10L 

TC5565AFL-10L 

TC5565APL-12L 

TC5565AFL-12L 

TC5565APL-15L 

TC5565AFL-15L 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

tWP 

Write Pulse Width 

60 

- 

70 

- 

90 

- 

tew 

Chip Selection to End of Write 

80 

- 

85 

- 

100 

- 

tAS 

Address Set up Time 

0 

- 

0 

- 

0 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tODW 

R/W to Output in High-Z 

- 

35 

- 

40 

- 

50 

tOEW 

RAV to Output in Low-Z 

5 

- 

5 

- 

10 

- 

tos 

Data Set Up Time 

40 

- 

50 

- 

60 

- 

tOH 

Data Hold Time 

0 

- 

0 

- 

0 

- 


A. C. TEST CONDITIONS 


Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 

tr, tf 


ViN 

VOUT 


10OpF +1 TTL Gate 
0.6V, 2.4V 
0.8V, 2.2V. 

0.8V, 2.2V 
5ns 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC55MAFL-10L, TC5565AFL^ 


TIMING WAVEFORMS ^ 

• READ CYCLE (1) 


ADDRESSES 


CE2 


CEi 


OE 


Dqut 


tRC 



• WRITE CYCLE 1 (4) (R/W Controlled Write) 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-1OL, TC5565AFL-12L, TC5565AFL-15L 

• WRITE CYCLE 2 (4) (Cfi Controlled Write] 


^WC 



• WRITE CYCLE 3 (4) (CE 2 Controlled Write) 


^wc 






TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10U TC5565AFL-12L, TC5565AFL-15L 


Note : 

1. R/W is High for Read Cycle. 

2. Assuming that CEi Low transition of CE 2 High transition occurs coincident with or after R/W Low transition. Outputs 
remain in a high impedance state. 

3. Assuming that CEi High transition or CE 2 Low transition occure coincident with or prior to R/W High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 


DATA RETENTION CHARACTERISTICS (Ta=0~70 C) 


SYMBOL 

PARAMETER 

MIN. 



UNIT 

VoH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Stand by Supply Current 

Vdd=3.0V 

- 

- 

15 

//A 

Vdd = 5.5V 

- 

- 

30 

tCOR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

MS 

tR 

Recovery Time 

tRC* 

- 

- 

ns 


* : Read cycle time, 
r 


• CEi Controlled Data Retention Mode (1) 



• CE2 Controlled Data Retention Mode (3) 
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TC5565APL-10L TC5565APL-12L TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L. TC5565A^F^^ 

Note : _ 

1. In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V orCE2^DD-0.2V. 

2. If the ViH of CEi is 2.2V in operation, Iddsi current flows during the period that the Vdd voltage is going down from 
4.5V to 2.4V. 

■3. In CE 2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V. 


DEVICE INFORMATION 

The TC5565APL/AFL is an asynchronous RAM 
using address activated circuit technology, thus the 
internal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on Vdd/GND lines. Thus the use of about 0. 

decoupling capacitor for every device is 
recommended to eliminate such noise. 
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Fig. TYPICAL CURRENT WAVEFORMS 


Vdd=5.5V 

Vih=&3V 

ViL=a2v 

Horizon lOOnS/div 


© DIP 28 PIN OUTLINE DRAWING (6D28A-P) 


28 15 



Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads. 


© MFP 28 PIN OUTLINE DRAWING (F28GC-P) 

Jinnnnnnnnnnnnn 



Tnnnnnnnnnnnnni 


Unit in nun 


Note 



C143±Q1 


1.27±Q05 


cJ 

+1 

CJ 





: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 


8,192 WORD X 8 BIT CMOS STATIC RAM 


TC5564APL-12,TC5564APL-15 
TC5564AF L-12,TC5564AF L-15 


DESCRIPTION 

TC5564APL is 65536 bits static random access 
memory organized as 8192 words by 8 bits using 
CMOS technology, and operates with a single 5V 
power supply. 

Advanced circuit techniques provides low power 
feature with a maximum operating of 5mA/MHz. 
Operation current depends on cycle time. 

TC55 64AP L has three control inputs. Two chip 
enables (CE1, CE2) allow for device selection and 
data retention control. Output enable (OE) input 
provides fast memory access. When device is placed 
in standby mode with chip off state, standby current 


FEATURES 

• Low Power Dissipation 

5mA/MHz (MAX.) Operating 

0.2//A (MAX.) at Ta = 25'C Standby 
1.0/zA (MAX.) at Ta = 60’C Standby 

• 5V Single Power Supply 

o Low Voltage Operation ; Vdd = 3V 
Tco= Vs (MAX.) Ta = 60-C 

• Fully Static Operation 

• Data Retention Voltage ; 2.0 —5.5V 
9 Plastic DIP and Plastic FP Package 

• Pin Compatible with 2764 type EPROM 


is typically O.OVA. So the TC5564APL is suitable 
for use in various microprocessor application sys¬ 
tems where low power and battery back up are 
required. Ultra low standby power allow not only 
battery but capacitance backup. 

Pin assignment of TC5564APL is pin-compatible 
with the 64K bits EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

TC5564APL is offered in both a standard dual-in¬ 
line 28 pin plastic package (0.6 inch width) and 
small-out-line plastic flat package. 


• Access Time 



TC5564APL-12 

TC5564AFL-12 

TC5564APL-15 

TC5564AFL-15 

Address Access Time 
(MAX.) 

120ns 

1 50ns 

CEl Access Time 
(MAX.) 

120ns 

150ns 

CE2 Access Time 
(MAX.) 

120ns 

1 50ns 

Output Enable Time 
(MAX.) 

60ns 

70ns 


• Directly TTL Compatible : All Inputs and Outputs 
o Wide Temperature Operation : —40 —85°C 


PIN CONNECTION (TOP VIEW) 


TC5564APL 


641t bit EPROM 
TMM2764D 


28 

a 


^ppC 

1 


3 

vdd 

27 

3 

R/W 

Aizj; 

2 

27 

3 

POM 

26 

3 

CE2 

A7C 

3 

26 

3 

N.C 

25 

3 

A8 

A6C 

4 

25 

3 

A8 

24 

3 

A9 

A5C 

5 

24 

3 

A9 

23 

3 

All 

A4C 

6 

23 

3 

All 

22 

3 

OE 

A3C 

7 

22 

3 

OE 

21 

3 

AlO 

A2C 

8 

21 

3 

AlO 

20 

3 

OEI 

AlC 

9 

20 

3 

CE 

19 

3 

1/08 

AOC 

10 

19 

3 

07 

18 

3 

1/07 

00 c 

11 

18 

3 

06 

17 

3 

1/06 

OIC 

12 

17 

3 

05 

16 

3 

1/05 

ozc 

13 

16 

3 

04 

15 

3 

3/04 

OHDC 

14 

15 

3 

03 


BLOCK DIAGRAM 
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TC5564APL-12, TC5564APL-1S 
TC5564AFL-12, TC5564AFL-15 


PIN NAMES 


Afl Ai2 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE2 

Chip Enable Inputs 

1/01 ~l/08 

Data Input/Output 

Vdo 

Power ( + 5V) 

GND 

Ground 

N. C. 

No Connection 


OPERATING MODE 


Operation 

Mode 


CE2 

B 

R/W 

1/01 ~ 

1/08 

Power 

Read 

L 

O 

L 

O 

Dour 


Write 

L 

o 

* 

L 

Din 

Iddo 

Output Deselect 

* 

* 

O 

♦ 

High-Z 


Standby 

H 

* 

* 

♦ 

If 

Idds 

* 

L 

* 

* 

If 

■ Idds 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

*Vdd 

Power Supply Voltage 1 

-0.3-7.0 

V 

ViN 

Input Voltage 

-0.3**~Vdd 

V 

Vi/o 

Input and Output Voltage 

—0.5—Vdd+0.5 

V 

Pd 

Power Dissipation 

1 .0(0.6)*** 

W 

Tsolder 

Soldering Temperature 

260-10 

°C-sec 

Tstg 

Storage Temperature 

-55-150 

•c 

Topr 

Operating Temperature 

-40-85 

”C 


* 8.5V at 100ns 

* ♦ —3.0V Pulse width 50ns 

* ♦ * SOP 


D.C. RECOMMENDED OPERATING CONDITIONS MTa=-40-85 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

ViL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


* —3.0V Pulse width 50ns 


;0. C and OPERATING CHARACTERISTICS (Ta = —40~85°C, Vdd = 5V±10% Unless otherwise noted) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

IlN 

Input Leakage Current 

VlN = 0 —VoD 

- 

- 

± 1.0 

aA 

loH 

Output High Current 

Voh = 2.4V 

-1 .0 

- 

- 

mA 

loL 

Output Low Current 

Vol=0.4V 

4.0 

- 

- 

mA 

VOH 

Output High Voltage 

loH= — 20//A 

Vdd — 0.1 

- 

- 

V 

VoL 

Output Low Voltage 

Iol=20/zA 

- 

- 

0.1 

V 

Ilo 

Output Leakage Current 

^=ViH or CE2 =Vil or 

R/W=Vil 

or OE=Vih, Vout=0— Vdd 

- 

■ 

± 1.0 

aA 
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TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TG5564AFL-15 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 




Iddoi 

Operating Current 

CE1 =ViL and CE2 = 

ViH Other Input = 

Vih/Vil 

louT=OmA 

tcycle— 1 /iS 

- 


10 


MIN CYCLE 

TC5564APL-1 2 
TC5564AFL-1 2 

- 

- 

45 

TC5564APL-15 

TC5564AFL-15 

- 

- 


IdD02 

Operating Current 

CET=0.2V and 
CE2 =Vdd- 0.2V, 
Other Input 
=Vdd- 0.2V/0.2V 
louT=OmA 

tcycle — 1 //S 

- 

- 

5 


MIN CYCLE 


- 

- 

40 

TC5564APL-15 
TC5564AFL-1 5 

- 

- 

35 

Iddsi 

Standby Current 

CE1 =ViH or CE2 =Vil 

- 

- 

2 


IdDS2 

Standby Current 

^i=Vdd- 0.2V or 

CE2=0.2V 

Vdd=2.0~5.5V 

Ta = 25-C 

- 

0.01 

0.2 

aA 

Ta = 60-C 

- 

- 

1 .0 


Note: (1) In standby mode with CE1 ^VoD—0.2V, these specification limits are guaranteed under the 
condition of CE2 ^Vdd- 0.2V or CE2^0.2V. 

(2) All voltage is measured from GND. 


CAPACITANCE (Ta = 25-C, f= 1 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vin = GND 

10 

PF 


Output Capacitance 

Vout=GND 

10 

PF 


Note This parameter is periodically sampled and is not 100% tested. 
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TC5564APL-12, TG5564APL-t5 
TC5564AFL-12, TC5564AFL-15 


A. C. CHARACTERISTICS 

READ CYCLE 


SYMBOL 

PARAMETER 

TC5564APL-12 

TC5564AFL-12 

TC5564APL-15 

TC5564AFL-15 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

120 

- 

150 

- 


tACC 

Address Access Time 

- 

120 

- 

150 


tcoi 

CE1 Access Time 

- 

120 

- 

150 


tC02 

CE2 Access Time 

- 

120 

- 

150 


tOE 

Output Enable to Output in Valid 

- 

60 

- 

70 

ns 

tCOE 

Chip Enable to (CEI, CE2) 

Output in Low-Z 

10 

- 

10 

- 

tOEE 

Output Enable to Outpdt Low-Z 

5 

- 

5 

- 


tOD 

Chip Enable (CEI, CE2) Output in Fligh-Z 

- 

60 

- 

70 


tODO 

Output Enable to 

Output Fligh-Z 

- 

50 

- 

60 


tOH 

Output Data Flold Time 

20 

- 

20 

- 



WRITE CYCLE 


SYMBOL 

PARAMETER 

TC5564APL-12 

TC5564AFL-12 

TC5564APL-15 

TC5564AFL-15 

UNIT 



’MIN 

MAX. 

MIN. 

MAX. 


twc 

Write Cycle Time 

120 

- 

150 

- 


tWP 

Write Pulse Width 

80 

- 

100 

- 


tew 

Chip Selection to End of Write 

100 

- 

120 

- 


tAS 

Address Set up Time 

0 

- 

0 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

ns 

tODW 

R/W to Output Fligh-Z 

- 

60 

- 

70 

tOEW 

R/W to Output Low-Z 

10 

- 

10 

- 


tDS 

Data Set Up Time 

50 

- 

60 

- 


tOH 

Data Field Time 

0 

- 

0 

- 



^DD 


A C. TEST CONDITIONS 

o Input Pulse Levels : 2.4V/0.6V 

• Timing Measurement Reference Levels : 2.2V/0.8V 

• Output Reference Levels : 2.2V/0.8V 

• Input Pulse Rise and Fall Times : 5ns 

• Output Load : See Fig.1 



Rl: 2.4 kXl 

R2 : 810 n 

C :100pB' 

(Include Jig) 

D :1S1588 

(or Equivalent) 
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TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 


3V OPERATE SPECIFICATION 

D. C RECOMMENDED OPERATING CONDITIONS (Ta-- 10~60C) 



PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

2.7 

3.0 

3.3 

V 

ViH 

Input High Voltage 

Vdo-0.2 

- 

Vdd 

V 

ViL 

Input Low Voltage 

0 

- 

0.2 

V 


D. C and OPERATING CHARACTERISTICS (Ta = -l0~60'C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 



IlN 

Input Leakage Current 

Vin = 0~Vdd 

- 

- 






- 

■ 

±1.0 


lOH 

Output High Current 

Voh=Vdd—0.2V ' 

-100 

- 

- 

aA 

lOL 

Output Low Current 

Vol = 0.2V 

100 

- 

- 

aA 

VoH 

Output High Voltage 

loH = —20//A 

Vdd— 0.1 

- 

- 

V 

VoL 

Output Low Voltage 

Iol = 20;/A 

- 

- 

0.1 

V 

Iddo- 

operating Current 

CE1 =ViL and CE2 = Vih 
O ther input = 
VDD-0.2V/0.2V 
louT=OmA, duty 100% 


- 




tcyde — 1 O^S 

m 

■ 

0.5 

Idds 

Standby Current Current 

Crr=ViL and CE2 = Vih 
or CE2 =Vil 

Ta = 25'C 

- 

0.01 

0.2 

aA 

Ta = 60-C 

- 

■ 

1 .0 


• All voltage is measured from BND 

* Iddo is niightly depending on input pulse tr, tf. If long tr, tf pulse is applied, there are some transient current at input stage. These 
specification is garanteed with tr, tf^20ns 
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TC5564APL-12, TC5564APL-15 
TG5564AFL-12, TC5564AFL-I5 


3V OPERATE SPECIFICATION 


A. C. CHARACTERISTICS (Ta=-10~60“C, Vdd3V±10%) 

READ CYCLE 


SYMBOL 

PARAMETER 

MIN. 

TYP.* 

MAX. 

UNIT 

tRC 

Read Cycle Time 

1000 

- 

- 


tACC 

Address Access Time 

- 

300 

1000 


tcoi 

CE1 Access Time 

- 

300 

1000 


tC02 

CE2 Access Time 

- 

300 

1000 


tOE 

Output Enable to Output Valid 

- 

100 

200 


ton 

Output Data Hold Time 

20 

- 

- 

ns 

tCOE 

Chip Enable to Output in Low Z 

10 

- 

- 


tOEE 

Output Enable to Output in Low Z 

5 

- 

- 


too 

Chip Enable to Output in High Z 

- 

- 

200 


tODO 

Output Enable to Output in High Z 

- 

- 

150 



WRITE CYCLE 


SYMBOL 

PARAMETER 

MIN. 

TYP.* 

MAX, 

UNIT 

twc 

Write Cycle Time 

1000 

- 

- 


tWP 

Write Pulse Width 

500 

- 

- 


tew 

Chip Selection to End of Write 

800 

- 



• tAS 

Address Set Up Time 


- 

- 



Write Recovery Time 


- 

- 

ns 

tos 

Data Set Up Time 

400 

- 

- 


tOH 

Data Hold Time 

50 

- 

- 



R/W to Output High Z 

- 

- 

. 200 


tOEW 

RAA/ to Output Low Z 

10 

- 

- 


* Typ. condition is Ta = 25’C, Vdd = 3V 



A. C. TEST CONDITIONS 

® Vin = Vdcj-0.2V/0.2V 

• Output Reference Level : 1 .5V/1.5V 

• Timing Measurement Level : 1 .5V/1.5V 

• Input Rise and Fall Time ; ^20ns 

• Output Load : lOOpF (Include Jig) 
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TIMING WAVEFORMS 


READ CYCLE (1) 


TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 



















TC5564APL-12p TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 


WRITE CYCLE 2 (4) (CE1 Controlled Write) 



WRITE CYCLE 3 (4) (CE2 Controlled Write) 



two 




w^m 


^AS 



^WR 

1- 



Mm 

'-WP 


muimmmL 





\ 

L 


'W/ 


^cw 


^CVI 




- 


mm/m/mm 



DntTT 

1 

^COE 

m 

tODW 

■ 




1 ^DS 


IH] 

Din ^ STABLE ^ 
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TG5564APL-12, TG5564APL-15 
TG5564AFL-12, TG5564AFL-15 


Note : (1) R/W is High for Read Cycle. (2) Assuming thatCEl Low transition or CE2 High transition occu rs coincident with 
or after R/W low transition. Outputs remain in a high impedance state. (3) Assuming that CEl High transition or 
CE2 Low transition occur^oincident with or prior to R/W High transition, outputs remain in a high impedance 
state. (4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 


DATA RETENTION CHARACTERISTICS (Ta=-40~85 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

Ta = 25-C 

- 

0.01 

0.2 


Ta^eO’C 

- 

- 

1 .0 

tcon 

Chip Deselection to Data Retention Mode 

0 

- 

- 

flS 

tR 

Recover/ Time 

tRC(l) 

- 

- 

ns 


CEl Controlled Data Retention Mode (2) 



CE2 Controlled Data Retention Mode (4) 



Note : (1) Trc : Read Cycle Time (2) In CEl controlled data retention mode, minimum standby current mode is achieved 
under the condition of CE2^0.2V or CE2 ^Vdd- 02V. (3) Ifthe Vih of CEl is 2.2V in operation, during the period 
that the Vdd Voltage is going down from 4.5 to 2.4V, Iddsi current flows. (4) In CE2 controlled data retention 
mode, minimum standby current mode is achieved under the condition of CE2^0.2V. 


DEVICE INFORMATION 

The TC5564APL is an asynchronous RAM using 
address activated circuit technology, thus the inter¬ 
nal operation is synchronous. Then once row 
address change occur, the precharge operation 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 


after only row address change, as is shown in the 
following figure. 

This peak current may induce the noise on Vdd/ 
GND line. Thus the use of about 0.1 n'r decoupling 
capacitor every device is recommended to eliminate 
such noise. 



Fig. TYPICAL CURRENT WAVEFORMS 


— B-89 — 



































TC5564APL-12, TC5564APL-15 
TC5564AFL-I2, TC5564AFL-15 


DIP 28 PIN OUTLINE DRAWING (6D28A-P) Unit in mm 


28 15 



Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center or each lead that is obtained on the basis of 
No. 1 and No.28 leads. 

MFP 28 PIN OUTLINE DRAWINGS {F28GA-P) Unit in mm 


28 15 



Note : Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each lead that is obtained on the basis of 
No.1 and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right at any time 
without notice, to change said circuitry. 

©May, 1986 Toshiba Corporation 
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32,768 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC55257PL-85, TC55257P-10/PL-10 
TC55257P-12/PL-12 


IdescriptiqnI 

The TC55257P is 262,144 bit static random access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced 
circuit techniques provide both high speed and low power features with a operating 
current of 5mA /MHz (Typ. ) and minimum cycle time of 85ns. 

IVhen CE is a logical high, the device is placed in low power standby mode in 
which standby current is 2uA typically. The TC55257P has two control inputs. Chip 
enable (CE) allow for device selection and data retention control, and an output 
enable input (OE) provides fast memory access. Thus the TC55257P is suitable for use 
in various microprocessor application systems where high speed, low power, and battery 
back up are required. 

The TC55257P is offered in a dual-in-line 28 pin standard plastic package. 


i FEATURES I 

• Low Power Dissipation 

27.SmW/MHz(Max.) Operating 

• Standby Current 

lOOuACMax.): TC55257PL-85/ 
PL-10/ 
PL- 12 

laA(Max.): TC55257P-10/ 
P- 12 

• 5V Single Power Supply 

• Power Down Feature: CF 


• Data Retention Supply Voltage: 2.05.5V 

• Access Time _ 



TC55257PL-85 

TC55257P-10 
TC55257PL-10 

TC55257P-12 
TC55257PL 12 

Access Tine (Max.) 

SSns 

100ns 

120ns 

CE Access Tine (Nax.) 

S5ns 

100ns 

120ns 

Output Enable TiaeCMax.) 

40ns 

50ns 

60ns 


• Directly TTL Compatible: All Inputs and Outputs 

• Standard 28 pin DIP 


iPIfl CQIlMECTIONl (TOP VIEW) 


A14C 1 
Ai2c a 

A7C 3 
AdC 4 
A5 [ 5 
A4[ 6 
A3 C 7 
A2C 3 
AiC 9 
AC C 10 
L/0 1 C 11 
I/O 2 C 12 
C 13 
GHDC -I 4 


PIN NAMES 


BLOCK DIAGRAM 


28 ] Vdd 
27 I By'H 
26 I a 13 
25 1 AS 
24 ] As) 

23 ] Ail 

J6E 

] AiO 
iCil 
]iyo8 
] 1X07 
] 1/06 
] 1/05 
1 1/0 4 


Aq Ai4 

Address Inputs 

P/W 

Read/Write Control Input 

oF 

Output Enable Input 


Chip Enable Input 

I/Oi 'vl/Og 

Data Input/Output 

'^DD 

Power (+5V) 

GND 

Ground 
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TC55257PL-85, TC55257P-10/PL-10 
TC55257P-12/PL-12 


I OPERATION MODE I 


OPERATION MODE 

CE 

OE 

R/W 

I/0i%I/08 

POl'/ER 

Read 

L 

L 

H 

DoUT 

^DDO 

Write 

L 

* 

L 

Din 

Iddo 

Output Deselect 

L 

H 

H 

High-Z 

iddo 

Standby 

H 

* 

it 

High-Z 

Idds 


*) H or L 


[MAXIMUM RATINGS 


SY:raoL 

ITEM 

RATING 

UNIT 

VdD 

Power Supply Voltage 

-0.3''' 7.0 

V 

ViN 

Input Voltage 

-0.3*'V'7.0 

V 

Vl/0 

Input and Output Voltage 

-0.5'''Vdd-K).5 

V 

Pd 

Power Dissipation 

1.0 

W 

^solder 

Soldering Temperature 

260 * 10 

®C*sec 

"Pstrg 

Storage Temperature 

-55 'V 150 

“C 

^opr 

Operating Temperature 

O'v. 70 

“C 


-3.0V at pulse width 50ns 


Id.c. recommended operating conditions! 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

^DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

n 

ViH 

Input High Voltage 

2.2 

- 

Vdd''^ • 3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

VdH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


( 
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TG55257PL-85, TG55257P-10/PL-10 
TG55257P-12/PL-12 


D.C. and OPERATING CHORACTFRI^TlCSl (Ta-0■^. 70°C, V[id=5V±10%) 


SYtffiOL 

PARAl-IETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Virj=0'\. Vqd 

- 

- 

±1.0 

UA 

^OH 

Output High Current 

Voh=2.4V 

-1.0 


- 

nA 

^OL 

Output Low Current 

Vol=0.4V 



- 

mA 

^LO 

Output Leakage Current 

CE=Vih or R/W-V 

^0UT~® '^^dd 

IL 

D 

■ 

±1.0 

uA 



Vdd=5.5V 
^=Vil,R/W=Vih 
O ther Input 
=Vih/Vil 
Iout“0°a 

^cycle®i-Us 

- 

- 

10 


Iddoi 

Operating Current 

*-cycle“ 

Min. cycle 

■ 

■ 

70 

mA 


(Read Cycle)* 

Vdd=5.5V 

CE-0.2V, 

*'Cycle“^hS 

- 

- 

B 


^DD02 


R/W=Vdd’- 0.2V 
Other Input 
=«Vdd- 0.2V/0.2V 
IOUT=OraA 

*^cycle“ 

Min. cycle 

fl 

fl 

60 

mA 

^DDSl 

Standby Current 

CE.Vih- 

B 

- 

3 

mA 

^DDS2 


CE=Vdd-0.2V 

TC55257PL 

- 

2 

100 

pA 

Standby Current 

Vjjd-2.0 ^5.5V 

TC55257P 

- 

- 

1.0 

mA 


* Assuming that R/W is Low for Write Cycle, the current consumption is twice as much 
as that when R/W is High for Write Cycle. 


CAPACITANCE 

(Ta=25‘’C, f=lMHz) 

SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vjfj=GND 

10 

pF 

COUT 

Output Capacitance 

Vqut'^D 

10 

pF 


Note: This parameter periodically sampled Is not 100% tested. 
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TC55257PL-85, TC55257P-10/PL-10 
TC55257P-12/PL-12 


|A.C. CHARACTERISTICS! (Ta=.0 ■v 70"C. Vjm»5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

TEST CONDITION 


TC55257P-10 

/PL-10 

TC55257P-12 

/PL-12 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

CRC 

Read Cycle Tine 

Vijj=2.4V/0.6V 

ViH^Z.ZV 

85 

- 

100 


120 

- 


^kCC 

Address Access Tine 

- 

85 

- 

100 

- 

120 


^CO 

CB Access Tine 

Vil=0.8V 

- 

85 

- 

100 

- 

120 


tOE 

Output Enable to Output 
in Valid 

tj., t£<5ns 

Voh=2.2V 

Vol=0.8V 

- 

40 

- 

50 

- 

60 


'^COE 

Chip Enable(CE)to Output 
in Low-Z 

10 

- 

10 

- 

10 

- 

ns 

*^OEE 

Output Enable to Output 
in Low-Z 

Output Load: 

5 

- 

5 

- 

5 

- 


Q 

O 

4-1 

Chip Enable(CE)to Output 
in High-Z 

Cl(IOOpF) and 

1 TTL Gate 

- 

30 

- 

50 

- 

60 


*^000 

Output Enable to Output 
in High-Z 


- 

30 

- 

B 

- 

50 



Output Data Hold Tine 


5 

- 

10 

- 

10 

- 



Write Cycle 


SYMBOL 

PARAMETER 

TEST CONDITION 


TC55257P-10 

/PL-10 

TC55257P-12 

/PL-12 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

CWC 

Write Cycle Time 

Vij}»2.4V/0.6V 

VIH-2.2V 

Vj;l* 0.8V 
tp, tf^Sns 

85 

- 

100 

” 

mi 

- 

ns 


Write Pulse Width 

60 

- 

70 

- 

80 

- 

CCW 

Chip Selection to End of 
Write 

65 

- 

90 

- 

100 

- 

CAS 

Address Set up Time 

0 

- 

0 

- 

B 

- 

C'tJR 

Write Recovery Tine 

10 

- 

10 

- 

B 

- 

*^0DW 

R/W to Output High-Z 

- 

30 

- 

50 

- 

60 

Cqew 

R/W to Output Low-Z 

10 

- 

10 

- 

10 

- 


CDS 

Data Set up Time 

40 

- 

40 

- 

50 

- 


cdh 

Data Hold Time 

0 

- 

0 

- 

0 

- 


Note: Input pulse levels^Vjjj 

Timing Measurement Reference levels=ViH, Vil 
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TC55257PL-85, TC55257P-10/PL-10 
TC55257P-12/PL-12 


WRITE CYCLE 2 (CE Controlled Write) 



Note: 1. R/W is High for Read Cycle. 

2. Assuming that UF low transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 
R/W High transition. Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 
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TC55257 PL-85, TC55257P-10/PL-10 
TC55257P-12/PL-12 


DATA RETENTION CHARACTERISTICS! (Ta^O-vTO-C) 

SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

^DDS2 

Standby Supply Current 

TC55257PL 

Vdd=3.0V 

- 

- 

50 

UA 

Vdd=5.5V 

- 

- 

100 

TC55257P 

- 

- 

1.0 

mA 

tCDR 

Chip Deselection to Data Retention Mode 

0 

- 

||n 

us 

tR 

Recovery Time 

*^RC(1) 

- 

Bl 


Note (1): Read cycle time 


CE Controlled Data Retention Mode 



Note (2): If the Vxh of CE is 2.4V in operation, IddSI current flows during the 
period that the Vqd voltage is going do\jn from 4.5V to 2.4V. 






















TC55257PL-85, TC55257P-10/PL-10 
TC55257P-12/PL-12 

/ 


DIP 28 PIN OUTLINE DRAWING (6D28A-P) Unit In mm 


28 15 



Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that Is obtained on the basis of No.l and No.28 leads. 
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32,768 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 
PRELIMINARY 


TC55257AP-10/APL-l 0/AP-l 2/APL-l 2 
TC55257AF-10/AFL-10/AF-12/AFL-12 


fPESCRlPTlOWl 

The TC55257AP is 262,144 bit static random access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated Iroin a single 5V supply. Advanced circuit 
techniques provide botli high speed and low power features with a maximum operating cur¬ 
rent of 5mi\/^^rlz and minimum cycle time of 100ns/120ns. 

IMien CE is a logical high, the device is placed in low power standby mode in xTiirh 
standby current is 2i-;A typically, The TC55257AP has two control inputs. Chip enable (CE) 
allow for device selection and data retention control, and an output enable input (OE) 
provides fast memory access. Thus the TC55257AP is suitable for use in various microproc¬ 
essor application systems where high speed, low power, and battery back up are required. 

TC55257AP is offered in both a standard dual-in-line 28 pin plastic pacTcage (0.6 
inch width) and small-out-line plastic flat package. 


I FEATURES 


• Low Power Dissipation 

27.5mW/MI!z (Max.) Operating 

• Standby Current 

100iiA(Max.) : TC55257APL-10/APL-12 
/AFL-lO/AFL-12 

lmA(Max.): TC55257AP-10/AP-12 
/AF-lO/AF-12 

• 5V Single Power Supply 

• Power Dovm Feature: CE 

• Data Retention Supply Voltage: 


• Access Time 


_ 

TC55257AP-10/APL-10 

AF-lO/AFL-10 

TC55257AP-12/APL-12 

AF-12/AFL-12 

Access Time(MAX.) 

lOOns 

120ns 

CE Access Time(MAX.) 

lOOns 

120ns 

Output Enable Time 
(MAX.) 

50ns 

60ns 


• Directly TTL Compatible: All Inputs and Outputs 

♦ Plastic DIP and Plastic FP Package 


2.0'^ 5.5V 


I BLOCK DIAGRAM I 


[PIN CONNECT'MI (top VIEW) 


A14 C 1 
Al [ 2 
a7 [ 3 
A6 I 4 
A o [ 5 
A4 [ 6 
A3 [ 7 
A2 ( 3 
Al [ 9 
AO [ 10 
I/Ol [ 11 
1/02 [ 12 
1/03 [ 13 
GND[ 14 


]VDD 
]r/.V 
'.',6 ]A1 3 
20 ]A8 
]A9 
]^1 
]0S 
lAlO 

]ca 


lOd/OB 


li/ov 
31/0 6 
31/0 5 
3i/b4 


PIN NAMES I 


AO -v A14 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 


Chip Enable Input 

I/Ol 1/08 

Data Input/Output 

^DD 

Power (+5V) 

GND 

Ground 
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TC55257AP-f O/APL-10/AP-12/APL-12 
TC552S7AM 0/AFL-! 0/AF-l 2/AFL-12 



OPERATION MODE I 

OPERATION MODE 

CE 

(TF 

R/W 

I/Ol 'v 1/08 

POWER 


Read 

L 

L 

H 

^OUT 



Write 

L 

* 

L 

OiN 

^DDO 



Output Deselect 

L 

n 

II 

lligh-Z 

Tddo 



Standby 

11 

* 

* 

Iligh-Z 

^DDS 



*) H or L 



SYMBOL 

ITEM 

RATING 

UNIT 

'•^DD 

Power Supply Voltage 

-0.3 7 .0 

V 

1—1 
> 

Input Voltage 

1 

o 

p 

C 

V 

Vr/0 

Input and Output Voltage 

-0 . 5 -v VpD+0.5 

V 

Pd 

Power Dissipation 

1.0 

W 

Tsolder 

Soldering Temperature 

260 . 10 

°C . sec 

"^strg 

Storage Temperature 

-55 -v 150 

°C 

Topr 

Operating Temperature 

0 70 

“C 


-3.0V at pulse v/idth 50ns 


iD.C. RECOMMENDED OPERATING CONDITIONS! 

SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

^dh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 
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TC55257AP-10/APL-10/AP-12/APL-12 
TC55257AF-10/AFL-10/AF-l 2/AFL-12 


D.C. and OPERATING CHARACTERISTICSl <Ta"0 70°c, Vop-SVilOZ) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

< 

1—' 

II 

o 

j 

< 

o 

o 

- 

- 

11.0 

mA 

hI 

Output High Current 

VoH=2.4V 

-1.0 

- 

- 

niA 

^•OL 

Output Low Current 

Vol=0.4V 

4.0 

- 

B 

nii\ 

Ilo 

Output Leakage Current 

CE=VtH ot- R/C=V 

'^OUT'^® ^DD 

tL or 0 E=Vih 

■ 

D 

B 

liA 



Vdd=5.5V 

CE=V-[l,R/W=Vih 

tcycle=I-iis 

■ 

■ 

10 

■ 

Iddoi 

Operating Current 

Other Input 

=V[H/VrL 

^cycle“ 

Min. cycle 

■ 

■ 

45 



(Read Cycle)* 

VnD=5.5V 
CE=0.2V, 
R/W=Vdd- 0.2V 
Other Input 
=Vdo-0.2V/0.2V 

*-cycle~^P^ 

■ 

■ 

5 


IdD02 


tcycle" 

Min. cycle 

■ 

■ 

40 

mA 

^DDSl 

Standby Current 

CE=Vih 

Bi 

- 

3 

mA 

IdDS2 

Standby Current 

CE=Vdd-0 2 V' 


- 

2 

100 

yA 

Vj)q=2.0'v5.5V 

TC55257AP/AF 

- 

- 

1.0 

mA 


* Assuming that R/W is Low for Write Cycle, the current consumption is twice as much 
as that when R/W is High for Write Cycle 


I CAPACITANCE I (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER. 

TEST CONDITION 

MAX. 

UNIT 

^IN 

Input Capacitance 

Vin=GND 

10 

pF 

^OUT 

Output Capacitance 


10 

pF 


Note: This parameter periodically sampled is not 100% tested. 
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TC55257AP-10/APL-10/AP-12/APL-I2 
TC55257AF-! 0/AFL-l O/AF-12/AFL-12 


lA.C, CHARACTERISTIC (Ta=070°C, Vdd=5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TEST CONDITION 

•Jt ;5OSO'AV-'-10/E'\FLr 10 

‘n'iib2b^J-P-\2/APL-l2 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

Vin=2.4V/0.6V 

100 

- 

120 

- 


^ACC 

Address Access Time 

Vih=2.2V 

- 

100 

- 

120 



CE Access Time 

Vxl=0.8V 

- 

100 

- 

120 


tOE 

Output Enable to 
in Valid 

Output 

tr, tf ^ 5ns 

Voh=2.2V 

Vol=0.8V 

- 

50 

- 

60 


tCOE 

Chip Enable (CE) 
in Lou-Z 

to Output 

10 

|H 

10 

- 

ns 

•^OEE 

Output Enable to 
Low-Z 

Output in 

Output Load: 

5 


5 

- 

^OD 

Chip Enable (CE) 
in High-Z 

to Output 

Cl(IOOpF) and 

1 TTL Gate 

- 

50 

- 

60 


^ODO 

Output Enable to 
liigh-Z 

Output in 

- 

40 

- 

50 


tOH 

Output Data Hold 

Time 


10 

- 

10 

- 



Write Cycle 


SYMBOL 

PARAMETER 

TEST CONDITION 

'IC55S57.^P-l O/APL-IO 
pp-lO/AKLrlO 

TC55257AP-12/AEL-12 

•‘\F-12i/AFL-12 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

Vin=2.4V/0.6V 

Vih=2.2V 

ViL=0.8V 
tp, t£ £ 5ns 

100 

- 

120 

- 

ns 


Write Pulse Width 

70 

- 

80 

- 

tew 

Chip Selection to End of 
Write 

90 

- 

100 

- 

tAS 

Address Set up Time 

0 

- 

0 


tl^^R 

Write Recovery Time 

10 

- 

10 

- 

^ODW 

R/W to Output High-Z 

- 

50 

- 

60 

tOEW 

R/W to Output Low-Z 

10 

- 

10 

- 

tDS 

Data Set up Time 

40 

- 

50 

- 

tDH 

Data Hold Time 

0 

- 

0 

- 


Note: Input pulse levels=VxN 

Timing Measurement Reference Levels=ViH, Vjl 
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TC55257AP-10/APL-l 0/AP-l 2/APL-l 2 
TC55257AF-10/AFL-l 0/AF-l 2/AFL-l 2 


TIMING WAVEFORMS 
READ CYCLE 



WRITE CYCLE 1 (R/W Controlled Write) 
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TC55257AP-IO/APL-10/AP-f 2/APL-12 
TC55257AF-10/AFL-l 0/AF-l 2/AFL-12 


WRITE CYCLE 2 (CE Controlled Write) 



hvc 


ADDRESSES ''IH \? 

Vti. _ A 

: ... . . 1 





1 tWR 


^ Z-mmmmm: 

twp 

:- y 


i 

I 

tew 

y 

tODW i 

A 


\ ' ' 

I ! 

I ‘COE ^ j 

r 

'-’OUT 

f \ 

tDS ! 

L-j 

tDH 

- 

Din ^ DATA IN STABLE ^ 

Note: 1. R/W is High for Read Cycle. 


2. Assuming that CE low transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that M High transition occurs coincident with or prior to 
R/W High transition. Outputs remain in a high impedance state. 

A. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. , 
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TC55257AP-10/APL-10/AP-12/APL-12 
TC55257AF-10/AFL-10/AF-12/AFL-12 


IDATA RETENTION CHARACTERISTICS! (Ta=0 •>. 70”C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 


Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

wm 


-1 

TC55257APL 

Vdd=3.0V 

- 

- 

50 

mA 

■ 

Standby Supply Current 

/AFL 

Vdd=5.5V 

- 

- 

100 

■i 


TC55257AP/AF 

- 

- 

1.0 

mA 

*^CDR 

Chip Deselection to Data 

Retention Mode 

0 

- 

- 

■ 

^R 

Recovery Time 

tRC(l) 

- 

- 


Note (1): Read Cycle Time 


CE Controlled Data Retention Mode 



Note (2); If the Vjjj of CE is 2.4V in operation, Iddsi current flows during the 
period that the VpD voltage is going do\>m from 4.5V to 2.4V. 
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TC55257AP-10/APL-10/AP-1Z/APL-12 
TC55257AF-10/AFL-10/AF-12/AFL-12 




Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each 
lead that is obtained on the basis of No.l and No.28 leads. 























32,768 WORD X 8 CMOS PSEUDO STATIC RAM 

SILICON MONOLITHIC 
SILICON GATE CMOS 


TC51832P-85, TG51832P-10 
TC51832P-I2 


oescriptiomI 

The TC51832P is a 256K bit high speed CMOS pseudo static RAM organized as 32,768 
v/ords by 8 bits. The TC51832P utilized one transistor dynamic memory cell with CMOS 
peripheral circuit to provide large capacity, high speed and low power features. System 
oriented features include single power supply of 5V±10% torelance. The OE/RFSH input 

allows two types of refresh operation-auto refresh and self refresh. The TC51832P 

also features static RAM like write function that the input data is written into the 
memory cell at the rising edge of R/U, thus being easy to interface with microprocessor. 
The TC51832P is a pin-compatible with 256K bit CMOS static R.'ul - TC55257P and is 
moulded a standard 0.6 inch width plastic DIP. 


I features! 


• Organization: 32,768 word^ 3 bit 

• Fast Access Tim.e and Cycle Time 


■——— 

TC51832P-85 

TC51832P-10 

TC51832P-12 

tCEA CE Access Time 

85ns 

lOOns 

120ns 

CQEA OE Access Time 

35ns 

40ns 

50ns 

CRC Cycle Tim.e 

135ns 

160ns 

190ns 


• Single Power Supply: 5V±i0:^ 

• Static Ri'ul like h’rite Function 

• All inputs and outputs: TTL Compatible 


IPIN COMNECTIQM 

(TOP vrEw) 


Low Power Dissipation 
Operating : 303mi;(TC51332P-85) 
243mW(TC51832P-10) 
220mW(TC51832P-12) 
Standby : 5.5mW 
Self Refresh: 5.5mU 
Two types of Refresh Operation 
Capability 
Auto Refresh 
Self Refresh 

Pin Compatible with 256K bit CMOS 
Static RA2I TC55257P 



iPIiN flAMESi 


AO -v A14 

Address Inputs 

R/W 

Read/Write Control 
Input 

Oe/rf^ 

Output Enable/Refresh 
Input 

CE 

Chip Enable Input 

r/01 -v 1/08 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Ground 


BLOCK diagram! 
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TC51832P-85, TG5I832P-10 
TC51832P-12 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

ELATING 

UNITS 

NOTES 

Vim 

Inpuc Voltage 

-1.0 -x. 7.0 

V 

1 

VoUT 

Output Voltage 

-l.Oo. 7.0 

V 

^DD 

Power Supply Voltage 

-1.0'\.7.0 

V 

Tqpr 

Operating Temperature 

O'v.70 

°C 

TsTG 

Storage Temperature 

-55-^150 

°C 

TsOLDER 

Soldering Temperature • Time 

260 • 10 


Pd 

Power Dissipation 

600 

mW 

^OUT 

Short Circuit Output Current 

50 

mil 


D.C. RECCMMENDED OPERATING CONDITIONS (Ta=070“C) 


SYMBOL 

ITEM 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

^DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

ViL 


-1.0 

- 

0.8 

V 


D.C. ELECTRICAL CHARACTERISTICS (Vdd=5V±10%, Ta=0'v70°C) 


SYMBOL 

PARAKEET ER 

MIN. 

MAX. 

UNITS 

::oTES 

Iddo 

OPERATING CURRENT 

Average Poxv’er Supply Operating Current 
(CE", Address Cycleling: 

TC51832P-85 

- 

55 

mA 

B 

TC51832P-10 

- 

45 

TC51832P-12 

- 

40 

P-DDSl 

STANDBY CURRENT 1 

Power Supply Standby Current, TTL Level Input 

(CE=OE/RFSH=Vxh) 

■ 

■ 

mA 

1 

Pddf 

SELF REFRESH CURRENT 

Average Power Supply Self Refresh Current 
(CE=Vod-0.2V, 0E/RFSH=0.2V) 

■ 

■ 

mA 

1 

^I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV 1 VjAj § V[)Q, All Other Inputs not under Test=0V) 

-10 

10 

uA 

1 

^O(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disable, OV gV qut=^DD) 

-10 

10 

uA 

Bi 

^OH 

OUTPUT HIGH LEVEL 

Output "H” Level Voltage (IouT~“5fnA) 

. 

2.4 

- 

V 

_ 


^OL 

OUTPUT LOW LEVEL 

Output "L” Level Voltage (IoUT~A.2mA) 

■ 

0.4 

V 

■ 
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TC51832P-85, TC51832P-10 
TC51832P-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VdD= 5V±10%. Ta=0TO^C) (Notes 5, 


TC51832P-85 TC51832P-10 TC51832P-12 


6, 7, 8, 9) 


SYMBOL PARAMETER 


Random Read or Write Cycle 
Time 


Read Write Cycle Time 


CE Pulse Width 


CE Precharge Time 


CE Access Time 


OE Access Time 


CE to Output in Low-Z 


OE to Output in Low-Z 


R/W to Output in Low-Z 


CE to Output in High-Z 


OE to Output in High-Z 


R/W to Output in High-Z 


CJE Hold Time Referenced to 
CE 


OE Set-Up Time Referenced 
to CE 


Read Command Set-Up Time 


Read Command.Hold lime 


Write Pulse Width 


Write Command Hold Time 


Write Command to CE Lead 
Time 


Data Set-Up Time Referenced 
to R/W 


Data Set-Up Time Referenced 
to CE 


Data Hold Tim.e Referenced to 
R/W 


Data Hold Time Referenced to 
CE* 


Address Set-Up Tim.e 


Address Hold Time 


Auto Refresh Cycle Time 


CE to RFSH Delay Time 


MAX. MIN. 






























































































































































































TC51832P-85, TC51832P-I0 
TC51832M2 


(Continued) 


SYMBOL 

PARAMETER 

TC51832P-85 

TC51832P-10 

TC518: 

12P-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tPAP 

RFSH Pulse Width 
(Auto Refresh Cycle) 

80 

8,000 

80 

8,000 

80 

8,000 

ns 

13 

tpp 

RFSH Precharge Time 

30 

- 

30 

- 

30 

- 

ns 

13 

tPCE 

RFSH Active to CE Delay Time 

160 

- 

190 

- 

225 

- 

ns 

13 

•^FSR 

RFSH Precharge to CE Delay 
Time (Auto Refresh Cycle) 

65 

- 

80 

a 

95 

■ 

ns 

13 

tpAS 

RFSH Pulse Width 
(Self Refresh Cycle) 

8,000 


8,000 

■ 

8,000 

- 

ns 

13 

tpRS 

RFSH Precharge to CE Delay 
Time (Self Refresh Cycle) 

160 

- 

190 

- 

225 

- 

ns 

B 

tpST 

RFSH Set-Up Time 

(Refresh Counter Test Cycle) 

10 

30 

10 

30 

10 

30 

ns 

B 

tPHT 

RFSH Hold Time 

(Refresh Counter Test Cycle) 

65 

8,000 

65 

8,000 

65 

3,000 

ns 

Bl 

tREP 

Refresh Period 

- 

4 

- 

4 

- 

4 

ms 


tx 

Transition Time 
(Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

B 

















































































TC51832P-85, TC51832M0 
TC51832P-12 


CAPACITANCE (VDD=5VtlO%, e=lMHz, Ta=0TO^C) 


SYMBOL 

PAR/uMETER 

MIM. 

MAX. 

UNIT 

CIl 

Input Capacitance (AO-ViAlA) 

- 

5 

pF 

CI2 

Input Capacitance (CE, OE/RFSH, R/W) 

- 

7 

pF 

CIO 

tnput/Output Capacitance (I/Ol 1/03) 

- 

7 

pF 


NOTES: 

1) Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2) All voltages are reference to GND. 

3) ^DDO depend on cycle rate. 

4) IdDO d.eperid on output loading. Specified value are obtained with the output open. 

5) An initial pause of 1ms with high CE" and high OE/RFSH is required after power-up 
before proper device operation is achieved. 

6) AC measurements assume t.j=5ns. 

7) Vi;{{(min.) and ViL(ninx.) are reference levels for measuring timing of input sig¬ 
nals. Also, transition times are measured between ^ind V];^. 

8) Measured with a load equivalent to 2 TTL loads and lOOpF. 

9) The OEVRFSH input operates as the output enable input(OE) and refresh control 
input(RFSH) under the condition of that CE=Vil ^nd CE=VxH» respectively. 

^0) tCHZ» tOHZ» ^IJHZ define the tim.e at which the output achieves the open circuit 
condition and is not reference to output voltage levels. 

11) In write cycles, the input data is latched at the earlier of R/W or ^ rising 
edge. Therefore the input data must be valid during set-up tim.e(tQSW* tpsc) 
and hold tim.e(tDHWi tOHC) • 

12) All address are latched at the falling edge of CE. Therefore must be valid 
during t^^sc ^^AHC- 

13) Two refresh operation - auto refresh and self refresh are deterraind by the 
OE/RFSH pulse width under the condition of CE=VtH* 

Auto refresh: OE/RFSH pulse width=tpAP(max.) 

Self refresh: OE/RFSH pulse width = tp^S ) 

The following timing param.eter must be kept before device proper operation is 
achieved after refresh. 

Auto refresh: tp^g and tpsj^ 

Self refresh: tp^S 
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TC51832P-85, TC51832P-10 
TC51832P-12 


TIMING CHART 
READ CYCLE 


























TC51832P-85, TC51832P-10 
TC51832P-12 


READ l^JRITE CYCLE 




1/01-1/08 


OPEN 




Don't Care 
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TC51832P-85, TC5I832P-10 
TC51832P-12 


AUTO REFRESH CYCLE 





TG51832P-85, TC51832P-10 
TC51832P-12 


REFRESH COUNTER TEST CYCLE (READ WRITE) 

^RMW 



REFRESH COUNTER TEST 

The internal refresh operation of TC51832P can be tested by REFRESH COUNTER 
TEST. This cycle performs READ/^;RITE operation taking the internal counter address 
as row address and fixed zero as column address. 

The test procedure is as follows. 

© Write "0" into all the memory cells at normal \>n:ite mode. 

Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. 
Repeat this operation 256 times. 

Check "1" out of 256 bits at normal read mode, which xjas written at 
(4) Read "1” out and write "0" in each cell by performing REFRESH COUNTER TEST. 
Repeat this operation 256 times. 

Check "0" out of 256 bits at normal read mode, which was written at (4) 

(6) Perform the above (I) to the complement data. 
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TC51832P-85, TC51832M0 
TC51832M2 


[OUTLINE DRAWINGS 


(6D28A-P) 


Unit in mm 


28 15 



NOTES: Each lead pitch is 2.54mm. All leads are located ^jithin 0.25mm of 

their true longitudinal position with respect to No.l and No.28 leads 
All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PROOUCT 


32,768 WORD X 8 CMOS PSEUDO STATIC RAM 

SILICON MONOLITHIC 
SILICON GATE CMOS 


TC51832PL-85, TC51832PL-10 
TC51832PL-12 


IDESCRIPTIOM 

The TC51832PL is a 256K bit high speed CMOS pseudo static RAM organized as 32,768 
words by 8 bits. The TC51832PL utilized one transistor dynamic memory cell with CMOS 
peripheral circuit to provide large capacity, high speed and low power feat ures . System 
oriented features include single power supply of 5V±10% torelance. The OE/RFSH input 

allows txco types of refresh operation - auto refresh and self refresh. The TC51832PL 

also features static RAM like write function that the input data iswritten into the 
memory cell at the rising edge of R/W, thus being easy to interface xvith microprocessor. 
The TC51832PL is a pin-compatible X7ith 256K bit CMOS static Ri\M - TC55257P and is moulded 
a standard 0.6 inch width plastic DIP. 


iFEATUPxESj 


Organization: 32,768 word 8 bit 
Fast Access Time and Cycle Time 


*-CEA CE Access Time 

1TC51832PL-85 

35ns 

TC51832PL-10 

lOOns 

TC51832PL-12 

120ns 

^OEA OE Access Time 

35ns 

40ns 

50ns 

^RC Cycle Time 

135ns 

L60ns 

190ns 


Single Pox^er Supply: 5V±10% 
Static PxAM like Write Function 


IPIN COMMECTIONi 


AI4C 
A12 C 
A7 E 

c 


(TOP VIEW) 


A6 
A5 
A4 
A3 
A2 
A1 

AO qio 
I/Ol C 11 
I/0 2C 12 
I/OSC 13 
ONDC 14 


28 JV DX) 

27 3^^ 

26 

25 3-^8 
24 3A9 

23 3^1_ 

22 30E/PFSH 
21]A10 
20 3CE 
19 31/08 
18 31/07 
17 31/06 
16 31/05 
15 31/04 


All inputs and outputs: TTL Com¬ 
patible 

Lox>f Pox>;er Dissipation 
Operating : 303mW(TC51332PL-85) 
248mW(TC51332PL-10) 
220mU(TC31832PL-12) 
Standby : l.lraH 
Self Refresh: l.lmW 
Tx'/o types of Refresh Operation 
Capability 
Auto Refresh 
Self Refresh 

Pin compatible Xvi-ith 256I< bit CMOS 
Static TAM TC55257P 


BLOCK DIAGRAM 


Vdd QNd 

f I 


A14 




I PIN NAMESi 


^~Ao [s) 


AO Ai A14 

Address Inputs 

R/U 

Read/Write Control 
Input 

OE/RFSH 

Output Enable/Refresh 
Input 

CE 

Chip Enable Input 

r/01 'u 1/08 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Ground 


COLUMN 
ADDRESS 
3UFFER(7) k 


ROW 

ADDRESS 

BUFFER(8) 


COLUMN 

DECODER 


SENS AMP. 
I/O GATE 


REFRESH 

COUNTER18J 




CLOCK 

GENERATOR 


OE/RFSH O- 


R/V o- 


a 


-128X8" 


ii 


cx^ 

= 



1 

MEMORY 

o 

o m 

256 

ARRAY 

m p 




Cl 


>41 


Tj 


O. CD 

■ 


o « 

Eh 

< 

pm 


■lO- 

:=£> 

to 


REFRESH 


REFRESH 

CONTROLLER 


TIMER 


\ 


\ 


— B-117 — 























TC51832PL-85, TC51832PL-10 
TC51832PL-12 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNITS 

NOTES 

ViN 

Input Voltage 

-1.0 'v.7.0 

V 

1 

VOUT 

Output Voltage 

-1.0 '\.7.0 

V 

1 

Vdd 

Power Supply Voltage 

-1.0 '\^7.0 

V 

1 

"^OPR 

Operating Temperature 

0 ^70 

=C 

1 

Tstg 

Storage Temperature 

-55 '^.150 

= C 

1 


Soldering Temperature • Time 

260 • 10 

=C«sec 

1 

Pd 

Power Dissipation 

600 

mW 

1 

^OUR 

Short Circuit Output Current 

50 

mA 

1 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0 70=0 


SYMBOL 

ITEM 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

< 
1—1 
n: 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-I.O 

- 

0.8 

V 

2 


D.C. ELECTRICAL CHARACTERISTICS (Vdd= 5V±10%. Ta=0'^^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

^DDO 

OPERATING CURRENT 

Average Power Supply Operating Current 
(CF, Address Cycling: t:j^Q=tj^(j MIN) 

TC51832PL-85 

- 

55 

mA 

3. 4 

TC51832PL-10 

miiii 

■a 

TC51832PL-12 

- 

40 

^DDSl 

-STANDBY CURRENT 1 

Power Supply Standby Current, TTL Level Input 

(CE=OE/RFSH=Vih) 

■ 

B 

mA 

B 

IdDS2 

STANDBY CURRENT 2 

Power Supply Standby Current, CMOS Level Input 
(CE=OE/RFSH=Voo-0.2V) 

■ 

0.2 

mA 

B 

^DDF 

SELF REFRESH CURRENT 

Average Power Supply Self Refresh Current 
(CE=Vdd-0.2V, 0E/RFSH=0.2V) 

■ 

0.2 

mA 

B 

^I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV = Vjjj = Vj)Q, All Other Inputs not under Test=0V) 

-10 

10 

' uA 

B 

^O(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disable, OVSVouT=Vdd) 

-10 

10 

pA 

B 

^OH 

OUTPUT HIGH LEVEL 

Output "H" ^Level Voltage (IOUT=-5raA) 

2.4 

■ 

V 

B 

^OL 

OUTPUT LOW LEVEL 

Output "L" Level Voltage (IoUT“^‘2mA) 

■ 

0.4 

B 
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TC51832PL-85, TC51832PL-10 
TC5t832PL-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vdd= 5V±L0%, Ta=0''^70“C) (Notes 5, 


TC51832PL-85 TC5i832PL-LO TC5L832PL-i2 

SYMBOL PARAMETER ' 


Random Read or Write Cycle 
Time 


Read Write Cycle Time 


CE Pulse Width 


CE Precharge Time 


CE Access Time 


OE Access Time 


CE to Output in Low-Z 


OE to Output in Low-Z 


R/W to Output in Low-Z 


6, 7, 8, 9) 


UNITS NOTES 



85 10,000 100 10,000 120 



^CHZ 

CE to Output in High-Z 

0 

20 

0 

30 

0 

30 

ns 

10 

^OHZ 

OE to Output in High-Z 

0 

20 

0 

30 

0 

30 

ns 

10 

^WHZ 

R/W to Output in High-Z 

0 

20 

0 

30 

0 

30 

ns 

10 


OE Hold Time Referenced to 


OE Set-Up Time Referenced 
to ^ 


Read Command Set-Up Tima 


Read Command Hold Time 


Write Pulse Width 


Write Command Hold Time 


Write Command to CE Lead 
Time 


Data Set-Up Time Referenced 
to R/W 


Data Set-Up Time Referenced 
to CE 


Data Hold Time Referenced 
to R/W 


Data Hold Time Referenced 
to ^ 


Address Set-Up Time 


Address Hold Time 


Auto Refresh Cycle Time 


CE to RFSH Delay Time 
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TC51832PL-85, TC51832PL-I0 
TC5I832PL-12 


(Continued) 


SYMBOL 

PARAMETER . 

TC51832PL-85 

TC51832PL-10 

TC51832PL-12 

UNITS 

NOTES 

MIN. 

M\X. 

MIN. 

MAX. 

- MIN. 

MAX. 

tpAP 

RF^ Pulse Width 
(Auto Refresh Cycle) 

80 

8,000 

80 

8,000 

80 

8,000 

ns 

13 

tpp 

RPSH Precharge Time 

30 

- 

30 

- 

30 

- 

ns 

13 

*=PCE 

RPSH Active to CE Delay Time 

160 

- 

190 

- 

225 

- 

ns 

13 

^PSR 

RPSH Precharge to CE Delay 
Time(Auto Refresh Cycle) 

65 

■ 

80 

■ 

95 


ns 

13 

‘^PAS 

RPSH Pulse Width 
(Self Refresh Cycle) 

8,000 

■ 

8,000 

- 

8,000 

■ 

ns 

13 

^PRS 

RPSH Precharge to CE Delay 
Time. (Self Refresh Cycle) 

160 

■ 

190 

- 

225 

■ 

ns 

13 

tpsT 

RPSH Set-Up Time 

(Refresh Counter Test Cycle) 

10 

30 

10 

30 

10 

30 

ns 

■ 


RFSH Hold Time 

(Refresh Counter Test Cycle) 

65 

8,000 

65 

3,000 

65 

8,000 

ns 

■ 

*^REP 

Refresh Period 

- 

4 

- 

4 

- 

4 

ms 


H 

Transition Time 
(Rise and Pall) 

3 

50 

3 

50 

3 

50 

ns 

m 


CAPACITAriCE (VDy=5V±10%, f=lMKz, Ta=0 70'’C) 



para:ieter 

MIN. 

MAX. 

UNIT 

CIl 

Input Capacitance (AO ""^AlA) 

- 

5 

PF 

CI2 

Input Capacitance (CE, OE/RFSH, R/W) 

- 

7 

pF 

CIO 

Input/Output Capacitance (I/Ol 'vI/08) 

- 

7 

pF 
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TC51832PL-85, TC51832PL-10 
TC51832PL-12 


MOTES: 

1) Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2) All voltages are reference to GMD. 

3) IdDO depend on cycle rate. 

^DDO depend on output loading. Specified value are obtained with the output 
open. 

5) An initial pause of 1ms with high CE and high OE/RESH is required after power- 
up before proper device operation is achieved. 

6) AC measurements assume t'f=5ns. 

7) VxH(niin.) and V];L(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between and 

S) Measured with a load equivalent to 2 TTL loads and lOOpF. 

9) The OE/RFSH input operates as the output enable input(OE) and refresh control 
input(RFSH) under the condition of that ^=V];l and CE=Vih» respectively. 

10) CcHZ» ^0HZ» define the time at which the output achieves the open,circuit 

condition and is not reference to output voltage levels. 

11) In xvrite cycles, the input data is latched at the earlier of R/W or ^ rising 

edge. Therefore the input data must be valid during set-up time tpsc) 

and hold time (tOHWf tOHC)• 

L2) All address are latched at the falling edge of CE. Therefore must be valid 
during tASC and tAHC- 

13) Two refresh operation - auto refresh and self refresh are determind by the 
OE/RFSH pulse width under the condition of CE=V];j^. 

Auto refresh: OE/RFSH pulse width i tp^^p(max.) 

Self refresh: OE/RFSH pulse width =tpAS(nin.) 

The follo^ving timing parameter must be kept before device proper operatic is 
achieved after refresh. 

Auto refresh: tpcg and tpsR 

Self refresh: tpRS 
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TC51832PL-85, TC51832PL-10 
TC51832PL-12 


TIMING CHART 



\^ITE CYCLE 


A0~A14 


OE/RFSH 


I5/W 


I/O 1~ I/O 
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TC51832PL-85, TG51832PL-10 
TC51832PL-12 


AUTO REFRESH CYCLE 






TC51832PL-85, TC51832PL-10 
TC51832PL-I2 


REFRESH COUNTER TEST CYCLE (READ l^;RITE) 

t'RMW 



REFRESH COUNTER TEST 

The internal refresh operation of TC51332PL can be tested by REFRESH COUNTER 
TEST. This cycle performs READ/WRITE operation talcing the internal counter 
address as row address and fixed zero as column address. 

The test procedure is as follows. 

Write "O” into all the memory cells at normal wirte mode. 

Read ”0" out and write "1" in each ceil by performing REFRESH COUNTER TEST. 
Repeat this operation 256 times. 

( 3 ) Check "1" out of 256 bits at normal read mode, which was written at (2) . 

(5) Read "I” out and write "0” in each cell by performing REFRESH COUNTER TEST. 
Repeat this operation 256 times. 

Check ”0" out of 256 bits at normal read mode, which was written at . 
Perform the above (l) to (5) the complement data. 


— B-125 - 





TC51832PL-85, TG51832PL-10 
TC51832PL-12 



NOTES: Each lead pitch is 2.54iiiin. All leads are located within 0.25niin of 

their true longitudinal position with respect to No.l and No.28 leads. 
All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCT 

TMM2018AD-25, TMM2018AD-35 
TMIIII2018AD-45 


2,048 WORD X 8 BIT STATIC RAM 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS 


idescriptionI 

The TMM2018AD is a 16,384 bits high speed and low power static random access 
memory organized as 2,048 words by 8 bits and operates from a single 5V supply. 
Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current 
of 1SOmA/13SmA/135mA, When TIS goes high, the device is deselected and placed in a low 
power standby mode in which maximum standby current is 20mA. 

Thus the TMM2018AD is most suitable for use in cache memory and high speed storage. 
The TKM2018AD is offered in a 24 pin standard cerdip package with 0.3 inch width for 
high density assembly. 

The TMM2018AD is fabricated with ion implanted N channel silicon gate MOS technology 
for high performance and high reliability. 


IFEATURESI 

• Fast access time • Fully static operation 

tACC“2^^2* TMM2018AD-25 • All inputs and outputs 

tACC“^^^S’ TMM2018AD-35 Directly TTL Compatible 

tACC“^5^S‘ TMM2018AD-45 • Power down feature: ^=ViH 

• Low power dissipation • Output buffer control: OE 

ICC=150mA; TMl‘I2018AD-25 * Three state outputs 

lCC“=135mA: TMM2018AD-35 * Inputs protected: All inputs protection against 

ICC=135mA: TMM2018AD-45 static charge. 

ISB=20rnA • Package: 24 pins standard cerdip package, 0.3 inch 

• Single 5V power supply width 


IPIN CONNECTION! 


A-rC 
A6C 
A5C 
A4C 
A3C 
A2C 
Ale 
AOC 
l/OlC 
I/0 2C 
1/0 3L 
0 NDC 




1 

2 

3 

4 

5 

6 
7 
B 
9 

10 

11 

12 


24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 


3 Vec 

3 A8 
3 A9 

3 ^ 

3 AlO 
3 

31/08 

31/07 

Dl/'ie 
31/05 
3 1/04 


PIN NAMESI 

Aq-Aio 

Address Inputs 

I/Oi-I/Og 

Data Input/Output 


Chip Select Input 

W 

Write Enable Input 

(3E 

Output Enable Input 

Vcc 

Power (+5V) 

GKD 

Ground 


IBLOCK DIAGRAMl 
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TIVIM2018AD-25, TMM2018AD-35 
TMM2018AD-45 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

vcc 

Power Supply Voltage 

-3.5-7.0 

V 

VIN 

Input Voltage 

-3.5-7.0 

mm 

Vl/0 

Input/Output Voltage 

-3.5-7.0 

V 

Topr 

Operating Temperature 

0-70 


Tstg 

Storage Temperature 

-55-150 

“c 

Tsolder 

Soldering Temperature • Time 

260 • 10 

“C-sec 

pd 

Power Dissipation 

0.9 

W 

lOUT 

D.C. Output Current 

20 

mA 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VIH 

Input High Voltage 

2.0 

- 

VcC+1.0 

V 

VIL 

Input Low Voltage 

-3.0* 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 


* Pulse Width: 10ns, DC: -0.5V(MIN.) 


D.C. CHARACTERISTICS (Ta=0-70°C, Vcc=5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

IlL 

Input Current 

ViN=0-Vcc 

- 

±1.0 

WA 

VOH 

Output High Voltage 

I0H=-4.0mA 

Bi 

- 

V 

VOL 

Output Low Voltage 

I0L=8.0mA 

_ 

0.4 

V 

ILO 

Output Leakage Current 

VoUT=0-Vcc» I^=VIH 

- 

±1.0 

UA 

ICC 

Operating Current 

^=ViL 

-25 

- 

150 

mA 

-35 

- 

135 

-45 

- 

135 

ISB 

Standby Current 

^=VlH 

- 

20 

mA 

ISBP 

Peak Power-on Current 

CS=VCC, VCC=0-5.5V 

- 

40 

mA 


CAPACITANCE* (Ta=25°C, f=l>fflz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN. 

Input Capacitance 

ViN=OV 

5 

PF 

COUT 

Output Capacitance 

V0UT=0V 

10 


* Note: This parameter is periodically sampled and is not 100% tested. 
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TIVIM2018AD-25, TM11112018AD-35 
TIVIIVI2018AD-45 


A.C. CHARACTERISTICS (Ta-0-70“C, Vcc-5V±10Z) 
READ CYCLE 


SYMBOL 

PARAMETER 

TMM2018AD-25 

TMM2018AD-35 

TMM2018AD-A5 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


Read Cycle Time 

25 


35 


45 



tACC 

Address Access Time 

- 

25 

- 

35 

- 

. A5 


tco 

Chip Select Access Time 

- 

25 

- 

35 

- 

45 


tOE 

Output Enable to Output Valid 

- 

15 

- 

20 

- 

20 


•^CLZ 

Chip Selection to Output in Low-Z 

0 

- 

0 

- 

0 

- 

1 

^CHZ 

Chip Deselection to Output in 
High-Z 

- 

15 

- 

20 

- 

20 

ns 

tOLZ 

Output Enable to Output in Low-Z 

0 

- 

0 

- 

0 

- 


tOHZ 

Output Disable to Output in High-Z 

- 

12 


15 

- 

15 


Hflii 

Output Data Hold Time 

5 

- 

5 

_ 

5 

- 


tpu 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 


tpD 

Chip Deselection to Power Down 

Time 

- 

20 

- 

30 

- 

30 



WRITE CYCLE 


SYMBOL 


TMM2018AD-25 

TMM2018AD-35 

TMM2018AD-45 

UNIT 

PARAMETER 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

25 

- 

35 

- 

45 

- 


tew 

Chip Selection to End of Write 

20 

- 

30 

- 

40 

- 


tAS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 


typ 

W’rite Pulse Width 

20 

- 

30 

- 

35 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

0 


ns 

tULZ 

WE to Output in Low-Z 

0 

- 

0 

- 

0 

- 


tWHZ 

WE to Output in High-Z 

- 

12 

- 

15 

- 

15 


rt 

Data Set Up Time 

12 

- 

15 

- 

20 



tDH 

Data Hold Time 

0 

- 

0 

__ 

0 

- 



A.C. TEST CONDITONS 


Input Pulse Levels 

3.0V/0.0V 

Input Rise and Fall Times 

5ns 

Input and Output Timing 
Reference Levels 

2.0V/0.8V 

Output Load 

See Fig.l 
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TMM2018AD-25, TIIIIM2018AD-35 
TMM20I8AD-45 


TIMING WAVEFORMS 

READ CYCLE 1. (yE-Vm, E5 «Vil) 
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TMM2018AD-25, TMM2018AD-35 
TMM2018AD-45 


WRITE CYCLE 2. 



Note: 

1. In read cycle 2, all addresses are valid prior to or coincident with 
transition low. 


2. The operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 





TMM2018AD-25, TMM2018AD-35 
TMM2818AB-45 


OUTLINE DRAWINGS 


Unit In nun 


24 23 22 2 1 20 19 18 17 16 15 14 13 



r ‘ ‘ .. ’ 1-r 

“if 

MI 

41 

¥ 41 ¥ V ¥ 4 * 


2.54TYP 


G46±ai5 


1.3 ±ai5 



Note: Each lead pitch is 2.54nun. All leads are located within 0.25nrai 
of their longitudinal position with respect to No.l and No.24 
leads. 
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TOSHIBA MOS MEMORY PRODUCT 


2,048 WORD X 8 BIT STATIC RAM 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS 


TMM2018AP-25, TMM2018AP-35 
TMM2818AP-45 


IDESCRIPTIOI^ 

The TMM2018AP is a 16,384 bits high speed and low power static random access memory 
organized as 2,048 words by 8 bits and operates from a single 5V supply. 

Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current 
of 150inA/135mA/135mA. When goes high, the device is deselected and placed in a 
low power standby mode in which maximum standby current is 20mA. 

Thus the TMM2018AP is most suitable for use in cache memory and high speed storage. 
The TMM2018AP is offered in a 24 pin standard plastic package with 0.3 inch width for 
high density assembly. 

The TMM2018AP is fabricated with ion implanted N channel silicon garte MOS technology 
for high performance and high reliability. 


IFEATURESI 

• Fast access time 

tAcc=25ns: TMM2018AP-25 
tACC=35ns: TMM2018AP-35 
tACC=^5ns: TMM2018AP-45 

• Low power dissipation 

Icc=150mA: TMM2018AP-25 
Icc=135mA: TMM2018AP-35 
ICC=135mA: TMM2018AP-45 
ISB=20mA 


• Single 5V power supply 

• Fully static operation 

• All inputs and outputs: Directly TTL compatible 

• Power down feature: CS=Vih 

• Output buffer control: CE 

• Three state outputs 

• Inputs protected: All inputs protection against 

static charge. 

• Package: 24 pin standard plastic package, 0.3 inch 

width. 


!PIN COfJNECn^ 


[BLOCK DIAGRAMi 


A7C 
AeC 
A5C 
A4C 
A3C 
A2C 
AlC 
AOC 
1/01 C 
I/D2C 
1/03 C 
ONDC 




24 DVco 
23 DAS 
22 DA9 
21 DW£ 

20 DOE 
19 DAIO 
18 D^ 

17 Dl/OS 
16 DI/07 
15 di/06 

14 D 1/05 
13 D 1/04 


PIN NAMES 1 

AO 'uAlO 

Address Inputs 

I/Ol '^,1/08 

Data Input/Output 

CS 

Chip Select Input 

VE 

Write Enable Input 

OE 

Output Enable Input 

^CC 

Power (+5V) 

GND 

Ground 
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TMM2018AP-25, TIVIM2018AP-35 
TMM2018AP-45 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

vcc 

Power Supply Voltage 

-3.5 7.0 

V 

ViN 

Input Voltage 

-3.5 7.0 

V 

o 

> 

Input/Output Voltage 

-3.5 'V'7.0 

V 

^opr 

Operating Temperature 

0 ^1.70 

•^c 

"^stg 

Storage Temperature 

-55 ^150 

"C 

'^solder 

Soldering Temperature ‘Time 

260 • 10 

'’C* sec 

Pd 

Power Dissipation 

0.9 

W 

I OUT 

D.C. Output Current 

20 

mA 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1-0 

V 

ViL 

Input Low Voltage 


- 

0.8 

^CC 

Power Supply Voltage 

A.5 

5.0 

5.5 


* Pulse VJidth: 10ns, DC; -0.5V (MIN.) 


D.C. CHARACTERISTICS (Ta=0 70‘'C, VCC=5V±10%) 


SYMBOL 

PAPvAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

^IL 

Input Current 

ViN=0 '^'Vcc 

- 

±1.0 

yA 

VOH 

Output High Voltage 

I0H=“A.0mA 

BM 

- 

mu 

< 

o 

Output Low Voltage 

Iqj^— 8.0mA 

- 

O.A 

V 

^LO 

Output Leakage Current 

Vqut^O'^Vcc, CS=Vih 

- 

±1.0 

yA 

^CC 

Operating Current 

cs=v,L 

-25 

- 

150 

mA 

-35 

- 

135 

-A5 

- 

135 

^SB 

Standby Current 

CS=ViK 


- 

20 

mA 

^SBP 

Peak Power-on Current 

CS=Vcc, Vcc=0'^.5.5V 

- 

40 


CAPACITANCE* (Ta=25‘’C, f=lMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

^IN 

Input Capacitance 

ViN=0V 

5 

pF 

COUT 

Output Capacitance 

VquT'OV 

10 


* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2018AP-25, TMM2018AP-35 
TIVIM2018AP-45 


A.C. CHARACTERISTICS (Ta=0'v 70‘’C, Vcc=5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TMM2018AP-25 

TMM2018AP-35 

TMM2018AP-A5 


MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

25 

- 

35 

- 

A5 

- 


tACC 

Address Access Time 

- 

25 

- 

35 

- 

45 


tco 

Chip Select Access Time 

- 

25 

- 

35 

- 

45 



Output Enable to Output Valid 

- 

15 

- 

20 

- 

20 


tCLZ 

Chip Selection to Output in Low-Z 

0 

- 

0 

- 

0 

- 


1^9 

Chip Deselection to Output in 
High-Z 

- 

15 

- 

20 

- 

20 

ns 


Output Enable to Output in Low-Z 

0 

- 

0 

- 

0 

- 


tOHZ 

Output Disable to Output in High-Z 

- 

12 

- 

15 

- 

15 


^OH 

Output Data Hold Time 

5 

- 

5 

- 

5 

- 


^PU 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 



Chip Deselection to Power Down 

Time 

- 

20 

- 

30 

- 

30 



Write Cycle 


SYMBOL 

PARAMETER 

TMM2018AP-25 

TMM2018AP-35 

T^DI2018AP-45 


MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

mmm 

*^WC 

Write Cycle Time 

25 

- 

35 

- 

45 


ns 

^CW 

Chip Selection to End of Write 

20 

- 

30 

- 

40 

- 

^^AS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 

tWP 

Write Pulse Width 

20 

- 

30 

- 

35 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

^WLZ 

WE to Output in Low-Z 

0 

- 

0 

- 

0 

- 

^WHZ 

WE” to Output in High-Z 

- 

12 

- 

15 

- 

15 

^DS 

Data Set Up Time 

12 

- 

15 

- 

20 

- 

^DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 


A.C. TEST CONDITIONS 


Input Pulse Levels 

3.0V/0.0V 

Input Rise and Fall Times 

5ns 

Input and Output Timing 
Reference Levels 

2.0V/0.8V 

Output Load 

See Fig.l 


Vqc 
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TMM2018AP-25, TMM2018AP-35 
TIVIIVI2018AP-45 


TIMING WAVEFORMS 

READ CYCLE 1. (WE=Vih, CS=Vil) 



READ CYCLE 2. (WE=Vjj^, OE=Vjl) 
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TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 


WRITE CYCLE 2. 



Note: 1. In read cycle 2, all addresses are valid prior to or coincident 
with CF transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air 
flow exceeding 400 linear feet per minute. 
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2.5M1N S.OMAX- 


TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 


OUTLINE DRAWINGS 



Unit in mni 




Note: Each lead pitch is 2.5Aniin. 

All leads are located within 0.25inm of their longitudinal 
position with respect to No.l and No.24 leads. 
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TOSHIBA MOS MEMORY PRODUCT 


4,096 WORD X 4 BIT STATIC RAM 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS 


TMM2068AD-25, TfflM2068AD-35 
TMM2088AD-45 


DESCRIPTION 

The TMM2068AD is a 16,384 bits high speed and low power static random access memory 
organized as 4,096 words by 4 bits and operates from a single 5V supply. 

Toshiba’s high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current 
of 135/120/120riiA. When "CF goes'high, the device is deselected and placed in a low 
power standby mode in which maximum standby current is 20mA. 

Thus the TMM2068AD is most suitable for us in cache memory and high speed storage 
The TNM2068AD is offered in a 20 pin standard cerdip package with 0.3 inch width for 
high density assembly. 

The TMM2068AD is fabricated with ion implanted N channel silicon gate MOS technology 
for higli performance and high reliability. 


FEATURES 

. Fast access time 

tACC=25ns: TM:-12068AD-25 
tACC~35ns: TMM2068AD-35 
tACC"'^5ns: TMM2068AD-45 

. Lo\.’ power dissipation 
lCC=i35mA: TMM2068AD-25 
lCC=120mA: T.MM2068AD-35 
lCC=i20r.iA: TMM2068AD-45 
1SB=20mA 

. Single 5V po\jer supply 


. Fully static operation 

. All inputs and outputs: Directly TTL compatible 
. Power down feature : CS=Vih 
. Three state outputs 

. Inputs protected: All inputs protection against 
static charge'. 

. Package: 20 pins standard cerdip package, 0.3 inch 
width. 

BLOCK DIAGRAM 


PIN CONNECTION 



QKD 


(TOP VIEW) 


PIN NAMES 


A0~A11 

Address Inputs 

I/0i~I/04 

Data Input/Output 

CS 

Chip Select Input 

iiE 

Write Enable Input 

Vcc 

Power (+5V) 

GND 

Ground 
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TMM2068AD-25, TMM2068AD-35 
TMM2068AD-45 


MAXIMUM RATINGS 


SYlffiOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-3.5-7.0 

V 

ViN 

Input Voltage 

-3.5-7.0 

V 

Vl/0 

Input/Output Voltage 

1 

1 

O 

V , 

HIRBU 

Operating Temperature 

0-70 

“C 

Tstg 

Storage Temperature 

-55-150 

°c 

Tsolder 

Soldering Temperature-Time 

260-10 

“C-sec 

Pd 

Power Dissipation 

1.0 

W 

lOUT 

D.C. Output Current 

20 

mA 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V]H 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 


Input Low Voltage 

maxm 

- 

0.0 

V 

vcc 

Power Supply Voltage 

A.5 

5.0 

5.5 

V 


* Pulse Width: 10ns, DC: -0.5V (Min.) 


D.C. CHARACTERISTICS (Ta=0-70°C, Vcc=5V±]0%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

1IL 

Input Current 

VlN=0~Vcc 

- 

±1.0 

tiA 

VOH 

Output High Voltage 

10H='~A . 0mA 

Bi 

- 

V 

VOL 

Output Low Voltage 

IOL“S.0mA 

- 

O.A 

V 

Ilo 

Output Leakage Current 

VoUT=0-Vcc. CS=ViH 

- 

±1.0 

tiA 




-25 

- 

135 


1—1 

n 

n 

Operating Current 

CS=ViL 

-35 

- 

120 

mA 




-45 

. 

120 


ISB 

Standby Current 

CS=ViH 

- 

20 

mA 

ISBP 

Peak Power-on Current 

^=VcC, Vcc=0-5.5V 

- 

40 

mA 


CAPACITANCE* (Ta=25‘’C, f=lMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN=0V 

8 

Pf 

COUT 

Output Capacitance 

VOUT^OV 

8 


* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2068AD-25, TMM2068AD-35 
TMM2088AD-45 


A.C. CHARACTERISTICS (Ta=0-70‘’C, Vcc=5VilO%) 
Read Cycle 


SYMBOL 

PARAMETER 

TbLM2068AD-25 

TMM2068AD-35 

TMM2068AD-A5 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

25 

- 

35 

- 

45 

- 

ns 

tACC 

Address Access Time 

- 

25 

- 

35 

- 

45 

tco 

Chip Select Access Time 

- 

25 

- 

35 

- 

45 

tCLZ 

Chip Selection to Output 
in Low-Z 

5 

- 

5 

- 

5 

- 

tCHZ 

Chip Deselection to 

Output in High-Z 

0 

15 

0 

20 

0 

20 

tOH 

Output Data Hold Time 

5 

- 

5 

- 

5 

- 

tpu 

Chip Selection to Power 

Up Time 

0 

- 

0 

- 

0 

- 

tpD 

Chip Deselection to Power 
Down Time 

- - ^ 

20 

- 

30 

- 

30 


Write Cycle 


SYMBOL 

PARAMETER 

TMM2068AD-25 

TMM2068AD-35 

TMM2068AD-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

25 

- 

35 

- 

45 

- 


tew 

Chip Selection to End of 
Write 

20 

- 

30 

- 

40 

- 

tAS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 


tWT 

Write Pulse Width 

20 

- 

30 

- 

35 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 


tWLZ 

WE to Output in Low-Z 

0 

- 

0 

- 

C 



tWHZ 

WE to Output in High-Z 

0 

10 

0 

15 

0 

15 


tDS 

Data Set Up Time 

10 

- 

15 

- 

20 

- 


tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 



^cc 



A.C. TEST CONDITIONS 


Input Pulse Levels 

3.0V/0.0V 

Input Rise and Fall Times 

5ns 

Input and Output Timing 
Reference Levels 

2.0V/0.8V 

Output Load 

See Fig.l 
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TMIVI2068AD-25. TIVIM2068AD-35 
TMM2068AD-45 


TIMING WAVEFORMS 
READ CYCLE 1. H=Vil) 



READ CYCLE 2. (WE=Vih) 



8 — 






TMM2068AD-25, TMM2068AD-35 
TMM2e88AD-45 


WRITE CYCLE 2. 



Note 1. In read cycle 2, all addresses are valid prior to or coincident with 
CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow 
exceeding AGO linear feet per minute. 


- C-1 





Note: Each lead pitch is 2.5Amni. 

All leads are located witliin 0.25inni of their longitudinal position with 
respect to No.l and No. 20 learU.. 
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TOSHIBA MOS MEMORY PRODUCT 

TMM2068AP-25, TMM2068AP-35 
TMM2868AP-45 

The TMM2068AP is a 16,384 bits high speed and loxj power static random access memory 
organized as 4,096 words by 4 bits and operates from a single 5V supply. 

Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current 
of 135/120/120mA. When CS goes high, the device is deselected and placed in a low 
power standby mode in which maximum standby current is 20mA. 

Thus the TMM2068AP is most suitable for us in cache memory and high speed storage. 

The TMM2068AP is offered in a 20 pin standard plastic package with 0.3 inch width for 
high density assembly. 

The TMM2068AP is fabricated with ion implanted N channel silicon gate MOS technology 
for high performance and high reliability. 


4,096 WORD X 4 BIT STATIC RAM 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS 

DESCRIPTION 


FEATURES 


• Fast access time 

tACC=25ns: TMM2068AP-25 
tACC=35ns: TMM2068AP-35 
tAcc='^5ns: TMM2068AP-45 

• Low power dissipation 

ICC=135mA: TMM2068AP-25 
Icc=120mA: TMM2068AP-35 
ICc=120mA: TMM2068AP-45 

ISB~20mA 

• Single 5V power supply 

• Fully static operation 


• All inputs and outputs: Directly TTL compatible 

• Power down feature : CS=Vih 

• Three state outputs 

• Inputs protected: All inputs protection aganist 

static charge. 

• Package: 20 pins standard plastic package, 

0.3 inch width. 


BLOCK DIAGRAM 


PIN CONNECTION 


A7 C 
A6 C 
A5 C 
A4 C 
A3 C 
A2 C 
A1 C 
AO C 
CS C 
OND C 


■W 


20 nVcc 
19 Das 
18 DAS 
17 3A10 
16 DAll 
15 J 1/01 
14 □ 1X02 
13 □ 1/03 
12 31/04 
11 DWE 


(TOP VIEW) 


PIN NAMES 


AO 'vAll 

Address Inputs 

I/Ol 'vI/04 

Data Input/Output 


Chip Select Input 

WE 

Write Enable Input 

Vcc 

Power (+5V) 

GND 

Ground 
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TMMZ068AP-25, TMM2068AP-35 
TMIIII2068AP-45 


HAXIHUM RATINGS 


SYMBOL 

ITEM 

RATING 

^ UNIT 

Vcc 

Power Supply Voltage 

-3.5 'x-y.O 

V 

ViN 

Input Voltage 

-3.5 'x, 7.0 

V 

Vl/0 

Input/Output Voltage 

-3.5 'x^7.0 

V 

Topr 

Operating Temperature 

0 'V70 

°C 

Tstg 

Storage Temperature 

-55 '\^150 

°C 

^solder 

Soldering Temperature • Time 

260 . 10 

°C* sec 

Pd 

Power Dissipation 

1,0 

W 

Pout 

D.C. Output Current 

20 

mA 


D.C. RECOHHENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1*0 

V 

ViL 

Input Low Voltage 

-3.0* 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

A.5 

5.0 

5.5 

V 


* Pulse Width: 10ns, DC: -0.5V (Min.) 


D.C. CHARACTERISTICS (Ta=0'x,70°C, Vcc=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

IlL 

Input Current 

ViN=0 -xv Vcc 

- 

±1.0 

pA 

VOH 

Output High Voltage 

Ioh~”A. 0mA 

mm 

- 

V 

VoL 

Output Low Voltage 

Tol“S*D^ 

- 

0.4 

V 

^LO 

Output Leakage Current 

7oUT=0'^VCC» CS=ViH 

- 

±1.0 

pA 




-25 

- 

135 


icc 

Operating Current 

CS=ViL 

-35 

- 

120 

mA 




-A5 

- 

120 


^SB 

Standby Current 

CS=ViH 

- 

20 

mA 

^SBP 

Peak Power-on Current 

CS=Vcc, Vcc=0'''5. 

5V 

- 

40 

mA 


CAPACITANCE^ (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN=0V 

8 

pF 

^OUT 

Output Capacitance 

VoUT'^OV 

8 


* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2068AP-25, TIIIIM2068AP-35 
TMM2068AP-45 


A.C. CHARACTERISTICS (Ta=0'>.70°C. Vcc=5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

TMM2068AP-25 

TMM2068AP-35 

TMM2068AP-A5 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

25 

- 

35 

- 

A5 

- 


*^ACC 

Address Access Time 

- 

25 

- 

35 

- 

45 


tco 

Chip Select Access Time 

- 

25 

- 

35 

- 

45 


tCLZ 

Chip Selection to Output in 
Low-Z 

5 

- 

5 

- 

5 

- 

ns 

tCHZ 

Chip Deselection to Output 
in High-Z 

0 

15 

0 

20 

- 

20 

tOH 

Output Data Hold Time 

5 

- 

5 

- 

5 

- 


tpu 

Chip Selection to Power Up 
Time 

0 

- 

0 

- 

0 

- 


tpD 

Chip Deselection to Power 

Down Time 

- 

20 

- 

30 

- 

30 



Write Cycle 


SYMBOL 

PARAMETER 

TMM2068AP-25 

TMM2068AP-35 

TMM2068AP-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

25 

- 

35 

- 

45 

- 

ns 

tew 

Chip Selection to End of 

Write 

20 

- 

30 

- 

40 

- 

tAS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 

tVJP 

Write Pulse Width 

20 

- 

30 

- 

35 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

^WLZ 

WE to Output in Low-Z 

0 

- 

0 

- 

0 

- 


WE to Output in High-Z 

0 

10 

0 

15 

0 

15 

tDS 

Data Set Up Time 

10 

- 

15 

- 

20 

- 

*^DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 



A.C. TEST CONDITIONS 


Input Pulse Levels 

3.0V/O.OV 

Input Rise and Fall Times 

5ns 

Input and Output Timing 
Reference Levels 

2.0V/0.8V 

Output Load 

See Fig.l 


Fig.l OUTPUT LOAD 
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TMiVI2068AP-25, TMM2068AP-35 
TMM2088AP-45 


TIMING WAVEFORMS 

READ CYCLE 1. CS=Vjl) 



READ CYCLE 2. (WE=Vih) 



WRITE CYCLE 1. 


k: 


OUTPUT DATA VALID 






two 


^cw 


twp 


HIGH IMPEDANCE 


^DS 


IX 


:/ 


tDH 


DATA IN STABLE 












TMM2068AP-25, TMM2068AP-35 
TMM2068A^45 


WRITE CYCLE 2. 



Note 1. In read cycle 2, all addresses are valid prior to or coincident with 
CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TMM2068AP-25, TMM2068AP-35 
TMM2088AP-45 


OUTLINE DRAWINGS 



Unit in mm 


24. 6 MAX. 




Note: Each lead pitch is 2.5Amm. 

All leads are located within 0.25mm of their longitudinal position 
with respect to No.l and No.20 leads. 
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TOSHIBA MOS MEMORY PRODUCT 


4,096 WORD X 4 BIT STATIC RAM 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS 


TMIIII2078AD-25, TMM2078AD-35 
TIIIIM2078AD-45 


IDESCRlPTlOfil 

The TMM2078AD is a 16,384 bits high speed and low power static random access 
memory organized as 4,096 words by 4 bits and operates from a single 5V supply. 
Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current 
of 135mA/120mA/120inA When ^ goes high, the device is deselected and placed in a 
low power standby mode in which maximum standby current is 20mA. 

Thus the TMM2078AD is most suitable for use in cache memory and high speed stor.age. 
The TMM2078AD is offered in a 22 pin standard cerdip package with 0.3 inch width 
for high density assembly. 

The TMM2078AD is fabricated with ion implanted N channel silicon gate MOS technology 
for high performance and high reliability. 


IFEATURESI 

• Fast access time • Fully static operaion 

tACC“25ns: TMM2078AD-25 • All inputs and outputs 

tji^QQ=25ns: TMM2078AD-35 Directly TTL Compatible 

tACC"^^*^®* TMM2078AD-45 * Power down feature: CS=ViH 

■ Low power dissipation • Output buffer control: OE 

ICC=135niA: TMM2078AD-25 • Three state outputs 

ICC=120mA: TMM2078AD-35 * Inputs protected: All inputs protection against 

ICC=120mA: TMM2078AD-45 static charge. 

ISB=20mA • Package: 22 pins standard cerdip package, 0.3 inch 

• Single iV power supply width 


IP.IN CONNECTION! 



PIN NAMESI 

Ao-Aii 

Address Inputs 

I/O 1 -I/O 4 

Data Input/Output 


Chip Select Input 

wE 

Write Enable Input 

OE 

Output Enable Input 

Vcc 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 


IBLOCK DIAGM 
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TIVIM2078AD-25, TIVIM2078AD-35 
TIVIM2078AD-45 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

vcc 

Power Supply Voltage 

-3.5-7.0 

V 

VIN 

Input Voltage 

-3.5-7.0 

V 

Vl /0 

Input/Output Voltage 

-3.5-7.0 

V 

Topr 

Operating Temperature 

0-70 


Tstg 

Storage Temperature 

-55-150 

“c 

Tsolder 

Soldering Temperature • Time 

260 . 10 

“C.sec 

PD 

Power Dissipation 

0.9 

W 

lOUT 

D.C. Output Current 

20 

mA 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VIH 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 

VIL 

Input Low Voltage 

-3.0* 

. 

0.8 

V 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 


* Pulse Width: 10ns, DC: -0.5V(MIN.) 


D.C. CHARACTERISTICS (Ta=0-70°C, Vcc=5V^10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

IlL 

Input Current 

ViN=0-Vcc 


± 1.0 

UA 

VOH 

Output High Voltage 

I 0 H=-A.0mA 

m 

- 

V 

VOL 

Output Low Voltage 

IOL=8.0mA 

— 

0.4 

V 

IlO 

Output Leakage Current 

V0UT=0-VCC, ^=Vth 

- 

± 1.0 





-25 

- 

135 


ICC 

Operating Current 

^=ViL 

-35 

- 

120 

mA 




-45 

- 

120 


ISB 

Standby Current 

CS=VlH 

- 

20 

mA 

ISBP 

Peak Power-on Current 

^=VCC, VCC=0-5.5V 

- 

40 

mA 


CAPACITANCE* (Ta=25°C. f=lMHz) 



PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN=0V 

8 

PF 

COUT 

Output Capacitance 

VoUT=OV 

8 


* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2078AD-25, TMM2078AD-35 
TMM2078AD-45 


A.C. CHARACTERISTICS (Ta^O-70'’C, VcC“5V±10%) 
READ CYCLE 


SYMBOL 


TMM2078AD-25 

TMM2078AD-35 

TMM2078AD-45 

UNIT 

PARAMETER 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

25 

- 

35 

- 

45 

- 


tACC 

Address Access Time 

- 

25 

- 

35 

- 

45 


too 

Chip Select Access Time- 

- 

25 

- 

35 

- 

45 


tOE 

Output Enable to Output Valid 

- 

15 

- 

20 

- 

20 


tCLZ 

Chip Selection to Output in Low-Z 

0 

- 

0 

-• 

5 

- 


tCHZ 

Chip Deselection to Output in 
High-Z 

- 

15 

- 

20 

- 

20 

ns 

tOLZ 

Output Enable to Output in Low-Z 

0 

- 

0 

- 

0 

- 


‘^OHZ 

Output Disable to Output in High-Z 

- 

10 

- 

15 

- 

15 


^OH 

Output Data Hold Time 

5 

- 

5 

- 

5 

- 


tpu 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 



Chip Deselection to Power Down 

Time 

- 

20 

- 

30 

- 

30 



WRITE CYCLE 


SYMBOL 

PARAMETER 

TMM2078AD-25 

TMM2078AD-35 

TMM2078AD-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

25 

- 

35 

- 

45 

- 

ns 

tew 

Chip Selection to End of Write 

20 

- 

30 

- 

40 

- 

tAS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 

tWP 

Write Pulse Width 

20 

- 

30 

- 

35 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tWLZ 

WE to Output in Low-Z 

0 

- 

0 

- 

0 

- 

tWHZ 

WE to Output in High-Z 

- 

10 

- 

15 

- 

15 

tDS 

Data Set Up Time 

10 

- 

15 

- 

20 

- 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 



A.C. TEST CONDITIONS 



Input Pulse Levels 

3.0V/0.0V 

Input Rise and Fall Times 

5ns 

Input and Output Timing 
Reference Levels 

2.0V/0.8V 

Output Load 

See Fig.l 


Fig.l Output Load 
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TMM2078AD-25, TMM2078AD-35 
TMIVI2078AD-4S 


TIMING WAVEFORMS 

READ CYCLE 1. (wE=Vih, U5=Vil) 


Add. 


OE 


^OUT 



READ CYCLE 2. (WE=Vih, OE=Vil) 



WRITE CYCLE 1. 


■wc 















WRITE CYCLE 2. 


TMM2078AD-25, TMM2078AD-35 
TMM2878AB45 



Note: 

1. In read cycle 2, all addresses are valid prior to or coincident with 

transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 


C-31 


TIVIM2078AD-25, TfflM2078AD-35 
TMM2078AD-45 


OUTLINE DRAWINGS 

Unit in mm 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their longitudinal position with respect to No.l and No.22 
leads. 
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TOSHIBA MOS MEMORY PRODUCT 


8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 


TMM2088P-35, TMIVI2888P-45 
TIVIM2888P-55 


I description! 

The TMM2088P is a 65,536 bits high speed N-channel silicon gate MOS static random 
access memory organized as 8,192 words by 8 bits and operates from a single 5-volt 
supply. The TMM2088P is features an automatic stand-by mode when deselect by CSl 
signal. Thus the TMM2088P is suitable for use in cache memory and high speed storage. 
The TMM2088P is offered in a 28 pin standard plastic dual in-line package with 0.3 inch« 
width for high density assembly. 


I FEATURESI 

• Access Time and Current 


^vParameter 

Access 

Operating 

Standby 

Part'^^^ 

Time 

Current 

Current 

Number 

(MAX.) 

(MAX.) 

(MAX.) 

TMM2088P-35 

35ns 

135mA 

15mA 

TMM2088P-A5 

45ns 

135mA 

15mA 

TMM2088P-55 

55ns 

135mA 

15mA 


Inputs Protected: 


(All inputs have 
Protection against 
static charge.) 


IBLQCK diagram! 


Single 5V Power Supply 
Fully Static Operation 
Power Down Feature: (CSl) 
Output Buffer Control: (^) 
Three State Outputs 
All Inputs and Outputs: 
(Directly TTL Compatible) 


PIN CONNECTION 


N. 0. c 

1 


3 

Vco 

A12|; 

2 

27 

3 

WE 

A7C 

3 

26 

3 

CS2 

A6C 

4 

25 

3 

A8 

A5C 

5 

24 

3 

A9 

A4C 

6 

23 

□ 

All 

A3C 

7 

22 

□ 

OE 

A2C 

8 

21 

□ 

AlO 

AlC 

9 

20 

3 

CSl 

AOC 

10 

19 

3 

1/08 

I/O 1C 

11 

18 

3 

1/07 

I/O 2 c 

12 

17 

3 

1/06 

1/03 C 

13 

16 

□ 

1/05 

ONDC 

14 

15 

3 

1/04 


PIN NAMES 


MSB 


CLOCK 


PRECHARQE 

GENERATOR 


CIRCUIT 


A12i 


CO 

- 

e 

CO cc 




- 

Q 

O 

gs C &H 


& O 

O PD 


O M 

c; < p 

I 

« P 


-o Vcc 


MEMORY CELL 
ARRAY 
256X32X8 
( 65536 ) 


O QND 


1/08 





AO A12 

Address Inputs 

WE 

Write Enable Input 

OE 

Output Enable Input 

C^, CS2 

Chip Select Inputs 

I/Ol '^'1/08 

Data Input/Output 

Vcc 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 


[operation mode 


MODE 


CS2 


112^ 

I/Ol '^8 

Power 

Write 

L 

H 

* 

■■ 

In 

Active 

Read 

L 

mm 

Bl 

H 

Out 

Active 

Standby 

H 

* 

* 

* 

High-Z 

Standby 

Standby 

L 

L 

* 

* 

High-Z 

Active 

Output Buffer 
Disable 

L 

H 

H 

H 

High-Z 

Active 
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TMIVI2088P-35, TIVIM2088P-45 
TMM2088P-55 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

^CC 

Power Supply Voltage 

-3.5 

V 

VlN» ^OUT 

Input Output Voltage 

-3.5 '^^7.0 

V 

"^opr. 

Operating Temperature 

0 'V70 

°C 

Tstg. 

Storage Temperature 

-55 '\.150 

°C 

"^solder 

Soldering Temperature • Time 

260 . 10 

°C.sec 

Pd 

Power Dissipation (Ta=70°C) 

1.0 

W 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0'x. 70°C) 


MIN. TYP. 


2.2 


-3.0’’ 


.5 5.0 


* Pulse Width: 10ns, DC: -0.5V (Min.) 


SYMBOL 

PARAMETER 

ViH 

Input High Voltage 

ViL 

Input Low Voltage 

^CC 

Supply Voltage 


MAX. 

UNIT 

Vcc+1.0 

V 

0.8 

V 

5.5 

V 


D.C. CHARACTERISTICS (Ta=0^70“C, Vcc=5.0V±10%) 


SYMBOL 



PARAMETER 

CONDITIONS 

Input Leakage Current 

Vin=0V'^5.5V 

Output High Current 

Voh=2.4V 

Output Low Current 

Vol=0.4V 

Output Leakage Current 

CSl=Vjjj or CS2 =V];l or WE=Vjl 
or OE=Vxh» VouT”0V'v5.5V 

Peak Power-on Current 

CSl=Vf|Q, CS2=0V, iQux^DmA 

Standby Current 

^=VlH, IoUT=0niA 

Operating Current 

IouT=0mA 



CAPACITANCE* 


SYMBOL 

PARAMETER 

CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN=0V 

8 

PF 

COUT 

Output Capacitance 

ViN=0V 

10 

pF 


* Note: This parameter is periodically sampled and is not 100% tested. 
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TMIVI2088P-35, TMIVI2088P-45 
TIVIM2088P-55 


A.C. CHARACTERISTICS (Ta =0 70‘'C, VcC=5V±10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TMM2088P-35 

TMM2088P-45 

TMM2088P-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

35 

- 

45 

- 

55 

- 

ns 

'^ACC 

Address Access Time 

- 

35 

- 

45 

- 

55 

^COl 

CSl Access Time 

- 

35 

- 

45 

- 

45 

tC 02 

CS2 Access Time 

- 

25 

- 

25* 

- 

30 

*^OE 

OE Access Time 

- 

20 

- 

20 

- 

25 

tOH 

Output Data Hold Time from Address 
Change 

5 

■ 

5 

■ 

5 

- 

tCLZ 

Output Enable Time from CSl or CS2 

0 

- 

5 

- 

5 

- 

tCHZ 

Output Disable Time from CSl or CS2 

- 

20 

- 

20 

- 

20 

110^9 

Output Enable Time from OE 

0 

- 

0 

- 

0 

- 

tOHZ 

Output Disable Time from OE 

- 

15 

- 

15 

- 

20 

tpu 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 

tPD 

Chip Deselection to POwer Down Time 


30 

- 

30 

- 

30 


V7RITE CYCLE 


SYMBOL 

PARAMETER 

TMl.'20 88P-35 

TMM2088P-45 

TMU2088P-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

35 

- 

45 

- 

55 

- 

ns 

tew 

Chip Selection to End of Write 

30 

- 

40 

- 

50 

- 

tAS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 


Write Pulse Width 

25 

- 

35 

- 

45 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tDS 

Data Set Up Time 

15 

- 

20 

- 

20 

- 

tDH 

Data Hold Time 

0 


0 

- 

0 

- 

tWLZ 

Output Enable Time from WE 

0 

- 

0 

- 

0 

- 

tWHZ 

Output Disable Time from WE 

- 

15 

- 

15 

- 

20 


A.C. TEST conditions! 

Input Pulse Levels 

0.0 '\^3.0V 

Input Rise and Fall Time 

5ns 

Input and Output Reference Levels 

2.0V/0.8V 

Output Load 

Fig. 1 


|Fig. l| 


Ycc 

J 5ion 


I/O Pin o- 


_Cl= 

XSOpF 


soon 
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TMM2088P-35, TMIVI2088P-45 
TMM2088P-55 

Itiming waveformsI 

READ CYCLE (1) 



WRITE CYCLE 1 (A) (WE Controlled Write) 
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TMM2d88^35, TMM2088P-45 
TMM2088P-55 

Note: 1, WE is High for Read Cycle. 

2. Assuming that CSl Low transition or CS2 High transition occurs coin¬ 
cident with or after WE Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CSl High transition or CS2 Low transition occurs coin¬ 
cident with or prior to WE High transition, Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 

5. These parameters are specified as follows and measured by using the 
load shown in Fig. 1. 

^CLZ* ^OLZ» ^WLZ 
^CHZ» ‘^OHZ* ’^WHZ 



Output Enable Time 
Output Disable Time 


- C-38 - 





2.5 MIN. 5.0 MAX 


TMM2088P-35, TMM2888P-45 
TMM2888P-55 


DIP 28 PIN OUTLINE DRAWING 


Unit in mm 


2 8 15 


1 ‘14 





Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No.28 leads. 


- C-39 — 







C-40 







TOSHIBA MOS MEMORY PRODUCT 

8,192 WORD X 9 BIT STATIC RAM TM M2089C-35 

N-CHANNEL SILICON GATE MOS TMM2089C-45 

TMM2089C-55 


DESCRIPTION 

The TMM2089C is a 73,728 bits high speed N- 
channel silicon gate MOS static random access 
memory organized as 8,192 words by 9 bits and 
operates from a single 5-volt supply. The 
TMM2089C is features an automatic stand-by mode 
when deselect by CS1 signal. Thus the TMM2089C 


PRELIMINARY 


is suitable for use in cache memory and high speed 
storage. The TMM2089C has nine I/O terminals, 
therefore it is most suitable for MEMORY SYSTEM 
with Parity bit. The TMM2089C is offered is a 28 pfn 
standard ceramic dual in-line package with 0.3 inch 
width for high density assembly. 


FEATURES 


o Access Time and Current 


Parameter 

Access 

Operating 

Standby 

Part 

Time 

Current 

Current 

Number 

(MAX.) 

(MAX.) 

(MAX.) 

TMM2089C-35 

35ns 

1 35mA 

15mA 

TMM2089C-45 

45ns 

1 35mA 

15mA 

TMM2089C-55 

55ns 

135mA 

15mA 


o Single 5V Power Supply 

o Fully static Operation _ 

o Power Down Feature ; ( CS1 ) 
o Output Buffer Control : (OE) 
o Three State Outputs 

PIN CONNECTION (TOP VIEW) 


A8 

C 

1 

Y-Y 28 


A7 

c 

2 

27 

3WE 

A6 

c 

3 

26 

3GS2 

A5 

d 

4 

25 

DA9 

A4 

c 

5 

24 

: AlO 

A3 

c 

6 

23 

3A11 

A2 

c 

7 

22 

IdE 

A1 

c 

8 

21 

:iA12 

AO 

c 

9 

20 

^GSl 

I/Ol 

c 

10 

19 

^1/09 

1/02 

c 

11 

18 

3 I/O 8 

1/03 

c 

12 

17 

31/07 

1/04 

c 

13 

16 

3 1/06 

QND 

c 

14 

15 

^1/05 


• All Inputs and Outputs: (Directly TTL Corpatible) 

• Inputs Protected : (All inputs have protection 

against static charge.) 

BLOCK DIAGRAM 


MSB 


1/09?: 


GLOGK 



EQUALIZE 

GENERATOR 


CIRCUIT 



zznz 

1 1 

CO 





— 

§ 


MEMORY CELL 

W K1 
K ph 

O R D 

« < n 

— 

R 


ARRAY 

z 

ROW 

DEGC 


256x32x9 

(73728) 





■<3 Vcc 
-O ONE 



COLUMN 

ADDRESS 

BUPB'ER 


MSB 


LSB 



CSIO 


PIN NAMES 


OPERATION MODE 




^1 

^1 


1/01-9 

Power 

Write 

D 

O 

D 


In 

Active 

Read 

L 

WM 

L 

o 

Out 

Active 


a 

* 

* 

* 

High-Z 

Standby 

Standby 

L 

L 

* 

* 

High-Z 

Active 

Output Buffer 

Disable 

L 

H 

H 

H 

High-Z 

Active 


Ao~Ai2 

Address Inputs 

C^,CS2 

Chip Select Inputs 

wT 

Write Enable Input 

1/01-1/09 

Data Input/Output 

oF 

Output Enable Input 

Vcc 

Power (-1-5V) 

GND 

Ground 
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TMM208gC-35, TfflM2089C-45 
TMM2089C-55 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-3.5-7.0 

V 

ViN, VoUT 

Input Output Voltage 

-3.5-7.0 

V 

Topr. 

Operating Temperature 

) 

o 

”C 

Tstg. 

Storage Temperature 

-55-150 

"C 

Tnotder 

Soldering Temperature. -Time 

260-10 

‘C-sec 

Pd 

Power Dissipation (Ta = 70”C) 

1 .0 

W 


- D. C/RECOMMENDED OPERATING CONpmONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-3.0 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.50 

5.00 

5.50 

V 


* Pulse width : 10ns, DC: -0.5V (Min.) 


ID. C.^ CHARACTERiSTICS , (Ta=0~70“C, Vcc=5.0V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

III 

Input Leakage Current 

V(n=0V-5.5V 

-1.0 

1 .0 

aA 

lOH 

Output High Current 

Voh=2.4V 

-4.0 

- 

mA 

lOL 

Output Low Current 

Vol=0.4V 

8,0 

- 

mA 

Ilo 

Output Leakage Current 

C^=ViH or CS2 =Vil or WE=Vil or ^=Vih, 
VoUT=OV-5.5V 

-1.0 

1.0 

aA 

ISBP 

Peak Power-on Current 

C^=Vcc, CS2=0V, louT = OmA 

- 

30 

mA 

ISB 

Standby Current 

CS1 =ViH, louT=OmA 

- 

15 

mA 

Icc 

Operating Current 

CS1 =ViL, louT=OmA 

- 

135 

mA 


CAPACITANCE * (Ta = 25‘C, f=1 .OMHz) 


SYMBOL 

PARAMETER 

CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

< 

z 

II 

O 

< 

8 

PF 

COUT 

Output Capacitance 

< 

z 

II 

O 

< 

10 

PF 


* Note : This parameter is periodically sampled and is not 100% tested. 
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TIVIM2089G-35, TMM2089C-45 
TMM2G89C-55 


A. C. CHARACTERISTICS (Ta=0-70-C, Vcc=5V±10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TMM2089C-35 

TMM2089C-45 

TMM2089C-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

35 

- 

45 

- 

55 

- 

ns 

tACC 

Address Access Time 

- 

35 

- 

45 

- 

55 

tcoi 

CS1 Access Time 

- 

35 

- 

45 

- 

45 

tC02 

CS2 Access Time 

- 

25 

- 

25 

- 

30 

tOE 

OE Access Time 

- 

20 

- 

20 

- 

25 

tOH 

Output Data Hold Time from Address 
Change 

5 

- 

5 

- 

5 

- 

tCLZ 

Output Enable Time from CS1 or CS2 

0 

- 

5 

- 

5 

- 

tCHZ 

Output Disable Time from CS1 or CS2 

- 

20 

- 

20 

- 

20 

tOLZ 

Output Enable Time from OE 

0 

- 

0 

- 

0 

- 

tOHZ 

Output Disable Time from OE 

- 

10 

- 

10 

- 

15 

tpu 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 

tPD 

Chip Deselection to Power Dowen Time 

_ 

30 

- 

30 

- 

30 


WRITE CYCLE 


SYMBOL 

PARAMETER 

TMM2089C-35 

TMM2089C-45 

TMM2089C-55 



MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

35 

- 

45 

- 

55 

- 

tew 

Chip Selection to End of Write 

30 

- 

40 

- 

50 

- 

tAS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 

twp 

Write Pulse Width 

25 

- 

35 

- 

45 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tos 

Data Set UP Time 

15 

- 

20 

- 

20 

- 

tCH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

tWLZ 

Output Enable Time from WE 

0 

- 

0 

- 

0 

- 

tWHZ 

Output Disable Time from WE 

- 

10 

- 

10 

- 

15 


A.C. TEST CONDITIONS 


Input Pulse Levels 

3.0V/0.OV 

Input Rise and Fall Time 

5ns 

Input and Output Reference Levels 

2.0V/0.8V 

Output Load 

Fig.1 



Pig.l Output Load 




















































































































TMM2089C-35, TmM2089C-45 
TMM2089C-55 


TIMING WAVEFORMS 

• READ CYCLE (1) 


^RC 


ADDRESSES ^ 

% -—-^ 


^AGC 


^OH 


w///// 

E- 

^C02 






^GOl 

^GHZIS) 

■ 


WXWW' 



_ h 

W/f/MA 

f/A 

w/m 



tQE 



tcHz(5) 






h 

7/ 

w/ff/ff/m 

Wi 

mm 

High 

Impedance 


^0Lz(5) 



toHzIS) 




^GLZfS) . 



- 


UNKNOWN 

OUTPUT DATA VALID 

-—----_3 

1 




^^9 


• WRITE CYCLE 1 (4) (WE Controlled Write) 
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TIVIIVI2089C-35, TIVIIVI2089C-45 
TIVIIVI2089C-55 


• WRITE CYCLE 2 (4) (CS1 Controlled Write) 



o WRITE CYCLE 3 (4) (CS2 Controlled Write) 
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TMM2089C-35, TfflM2089C-45 
TMM2089C-55 


NOTE : 

1. WE is High for Read Cycle. 

2. Assuming that CS1 Low transition or CS2 High transition 
occurs coincident with or after WE Low transition. Out¬ 
puts remain in a hig h impedance state. 

3. Assuming that CS 1 Hight transition or CS2 Low transition 
occurs coincident with or prior to WE High transition. 
Outputs remain is a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in 
high impedance state during this period. 

5. These parameters are specified as follows and measured 
by using the load in Fig. 1. 


(A) tcLZ,toLZ, twLZ .Output Enable Time 

(B) tcHz, toHz, twHz.Output Disable Time 
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OUTLINE bRAWINGS j 


TMM2089C-35, TMM2089C-45 
TfflM2089C-55 


Unit: mm 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 



Note ; Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their longitudinal position vyith respect to No.1 and No.28 leads. 
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TIVIM2089C-35, TMM2089C-45 
TMM2089C-55 


Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

C May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PROOUCT 


8,192 WORD X 9 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 


TMM2089P-35, TMM2089P-45 
TMM2089P-55 


I description! 

The TMM2089P is a 73,72.5 bits high speed N-channel silicon gate MOS static random 
access memory organized as 5,192 words by 9 bits and operates from a single 5-volt 
supply. The TMM2089P is features an automatic stand-by mode when deselect by CSl 
signal. Thus the TMM2089P is suitable for use in cache memory and high speed storage. 
TheTMM2089P has nine I/O terminals, therefore it is most suitable for MEMORY SYSTEM 
with Parity bit. The TMM2089P is offered in a 28 pin standard plastic dual in-line 
package with 0.3 inch width for high density assembly. 


EATURESi 

Access Time and Current 


^"'''-^^rameter 

Part\,,.^ 

Number 

Access 
Time 
(MAX.) 

Operating 

Current 

(MAX.) 

Standby 

Current 

(MAX.) 

TMM2089P-35 

35ns 

135mA 

15mA 

TIG'12089P-45 

45ns 

135mA 

15mA 

TMM2089P-55 

55ns 

135mA 

15mA 


Inputs Protected: 


(All inputs have 
protection against 
static charge.) 


BLOCK DIAGRAM 


• Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature: (CSl) 

• Output Buffer Control: (OE) 

• Three State Outputs 

• All Inputs and Outputs: 

(Directly TTL Compatible) 

iPiN connection! 


CLOCK 


PRECHAROE 

GENERATOR 


CIRCUIT 


A8 C 


28 

□ Vo 

A7 n 

2 

27 

□ WE 

A6C 

3 

26 

□ GS2 

A5C 

4 

25 

□ A9 

A4 C 

5 

24 

□ aio 

A3i: 

6 

23 

□ All 

A2C 

7 

22 

□ OE 

AlC 

8 

21 

□ a12 

AOC 

9 

20 

□ csi 

I/O] c 

10 

19 

□ 1/0 9 

d 

n 

11 

18 

□ 1/0 8 

1/0 3 C 

12 

17 

□ 1/0 7 

1/0 4 C 

13 

T 

□ ^/0 6 

QNDC 

14 

15 

□ 1/0 5 



MEMOHY CELL 
AJ-HAY 
256 ■•'32^9 
(73728 ) 


COLUMN 

DECOLEH 


COLUMN 

ADDRESS 

BUFFER 




PIN NAMES I 


AO '\^A12 


WE 


OE 


CSl, CS2 


OPERATION MODE 



Address Inputs 

MODE 

CSl 

CS2 

OE 

WE 

I/Ol '^^9 

Power 

VJrite Enable Input 

Write 

L 

H 

119 

L 

In 

Active 

Output Enable Input 

Read 

L 

H 

■■ 

■a 

Out 

Active 

Chip Select Inputs 

Standby 

H 

* 

* 

■1 

High-Z 

Standby 

Data Input/Output 

Standby 

L 

L 



High-Z 

Active 

Power (+5V) 

Ground 

Output Buffer 
Disable 

L 

H 

H 

H 

High-Z 

Active 
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TIVIM2089P-35, TMM2089P-45 
TMM2089P-55 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-3.5 7.0 

V 

VIN, VOUT 

Input Output Voltage 

-3.5 'v7.0 

V 

Topr. 

Operating Temperature 

0 '^^70 

°C 

Tstg. 

Storage Temperature 

-55 ^^150 

°C 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°C*sec 

Pd 

Power Dissipation (Ta=70°C) 

1.0 

W 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta=070°C)| 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

^IH Input High Voltage 2.2 - V^q+1.0 V 

^IL Input Low Voltage -3.0* - 0.8 V 

^CC Supply Voltage 4.5 5.0 5.5 V 

* Pulse Width: 10ns, DC: -0.5V(Min.) 

D.C. Ch!ARACTERISTI^'~~('T7='oV70~'^~VCC=5.0V±10%) | 



CAPACITANCE* (Ta=25°C, f=1.0MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN=0V 

8 

pF 

^OUT 

Output Capacitance 

ViN=0V 

10 


* Note: This parameter is periodically smapled and is not 100% tested. 
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TMM2089P-35, TMM2089P-45 
TMM2989P-55 


A.C. CHARACTERISTICS (Ta=070°C, Vcc=5V±10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TMM2080P-35 

TMM2089P-45 

TMM2089P-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


Read Cycle Time 

35 

- 

45 

- 

55 

- 


tACC 

Address Access Time 

- 

35 

- 

45 

- 

55 


tcoi 

CSl Access Time 

- 

35 

- 

45 

- 

45 


tC02 

CS2 Access Time 

- 

25 

- 

25 

- 

30 


tOE 

OE Access Time 

- 

20 

- 

20 

- 

25 


tOH 

Output Data Hold Time from Address 
Change 

5 

■ 

5 

- 

5 

- 

ns 

tCLZ 

Output Enable Time from CSl or CS2 

0 

- 

5 

- 

5 

- 


tCHZ 

Output Disable Time from CSl or CS2 

- 

20 

- 

20 

- 

20 


tOLZ 

Output Enable Time from OE 

0 

- 

0 

- 

0 

- 


^OHZ 

Output Disable Time from OE 

- 

15 

- 

15 

- 

20 



Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 


tPD 

Chip Deselection to Power Down Time 

- 

30 

- 

30 

- 

30 



V7RITE CYCLE 


SYMBOL 

PARAMETER 

TMM2089P-35 

TMM2089P-45 

TMM2089P-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

35 


45 

- 

55 

- 

ns 

*^CS 

Chip Selection to End of Write 

30 


40 

- 

50 

- 

^AS 

Address Set Up Time 

0 


0 

- 

0 

- 


V-Jrite Pulse Width 

25 

- 

35 

- 

45 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tDS 

Data Set Up Time 

15 

- 

20 

- 

20 

- 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

tULZ 

Output Enable Time from WE 

0 

- 

0 

- 

0 

- 


Output Disable Timf from WE 

- 

15 

- 

15 

- 

20 


I A.C. TEST conditions! 


Input Pulse Levels 

0.0V/3.0V 

Input Rise and Fall Time 

5ns 

Input and Output Reference Levies 

2.0V/0.8V 

Output Load 

Fig. 1 
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TIVIM2089P-35, TIVIM2089P-45 
TMIVI2089P-55 


Itiming uaveformsI 

READ CYCLE (1) 



VmiTE CYCLE 1 (4) (WE Controlled Write) 
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TMM2089P-35, TMM2089P-45 
TIIIIM2889P-55 

Note: 1. WE is High for Read Cycle. 

2. Assuming that CSl Low transition or CS2 High transition occurs coin¬ 
cident with or after WE Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CSl High transition or CS2 Low transition occurs coin¬ 
cident with or prior to WE High transition, Outputs remain in a high 
impedance state. 

4. Assuming that ^ is High for Write Cycle, Outputs are in high impedance 
state during this period. 

5. These parameters are specified as follows and measured by using the 
load shovTi in Fig. 1. 

(A) tcLZ. toLZ» tWLZ . Output Enable Time 


(B) tcHZ* toHZ> . Output Disable Time 
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2.5MIN. 5.0MAX, 


TIVIM2089P-35, TIIIIM2089P-45 
TMM2889P-55 


DIP 28 PIN OUTLINE DRAWING 


Unit in mm 


2 8 15 



Note) Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No.28 leads. 


- C-55 - 




\ 


C-56 



TOSHIBA MOS MEMORY PROOUCT 

65,536 WORD X 1 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC5561 P-55 
TC5561P-70 


DESCRIPTION 

The TC5561P is a 65,536 bit high speed static 
random access memory organized as 65,536 words 
by 1 bit using CMOS technology, and Operated frorri 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 55ns/70ns and 
maximum operating current of 100mA at minimum 
cycle time. 

The TC5561 P also features an automatic stand-by 
mode. When deselected by Chip Enable (CE), the 

FEATURES 

• Fast access time ; TC5561 P-55 55ns(MAX.) 

TC5561P-70 70ns(MAX.) 
o Low power dissipation ; Operation 10OmAfMAX.) 

Standby 100//A(MAX.) 
o 5V single power supply 

PIN CONNECTION (TOP VIEW) 


operating current is reduced from 100mA to 100/^A. 

The TC5561 P is suitable for use in main memory 
of high speed computer and pattern memory, where 
high speed/low power/high density are required. 

The TC5561P is moulded in a 22 pin standard 
plastic package with 0.3 inch width for high density 
assembly. 

The TC5561P is fabricated with ion implanted 
COMS silicon gate MOS technology for high per¬ 
formance and high reliability. 


o Fully static operation 

• Directly TTL compatible : All Input and Output 

• I/O separate 

e Package: 22 pin standard plastic package, 
300mil width 

BLOCK DIAGRAM 



PIN NAMES 
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TC5561 P-55 
TC5561 P-70 


MAXIM U lyi RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

ViN 

Input Voltage 

-2.0-7.0 

V 

VOUT 

Output Voltage 

-0.5-VDD + 0.5 

V 

Pd 

Power Dissipation 

650 

mW 

Tsolder 

Soldering Temperature 

260-10 

'C-sec 

Tstg 

Storage Temperature 

-65-150 

•c 

Topr 

Operating Temperature 

o 

1 

O 

•c 


D. C. RECOMMENDED OPERATING CONpmONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

V|L 

Input Low Voltage 

-3.0 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


D. C. and OPERATING CHARACJERISTICS (Ta=0~70'C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Leakage Current 

ViN=0— Vdd 

- 

- 

±1.0 

aA 

lOH 

Output High Current 

Voh = 2.4V 

-8 

- 

- 

mA 

lOL 

Output Low Current 

Vol = 0.4V 

8 

- 

- 

mA 

Ilo 

Output Leakage Current 

CF=Vih or WE=Vil 

VouT=0— Vdd 

- 

- 

±1.0 

aA 

Iddo 

Operating Current 

Vdd = 5.5V, tcycie=Min cycle, 

CE = Vil 

Other lnput=ViH/ViL 

- 

- 

100 

mA 

Iddsi 

Standby Current 

f^l 

m 

II 

< 

I 

- 

- 

2 

mA 

IdDS2 

CE=Vod-0.2V 

- 

- 

100 

aA 


CAPACITANCE (Ta = 25C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vin = GND 

10 

PF 

COUT 

Output Capacitance 

Vout = GND 

10 

PF 


Note ; This parameter periodically sampled is not 100% tested. 
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TC5561 P-55 
TC5561 P-70 


A. C. CHARACTERISTICS , (Ta=0~70-C, Vdd=5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC556 IP-55 

TC5561P-70 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

55 

- 

70 

- 

ns 

tACC 

Address Access Time 

- 

55 

- 

70 

tco 

Chip Enable Access Time 

- 

55 

- 

70 

tcOE 

Chip Enable to Output in Low-Z 

5 

- 

5 

- 

tcOD 

Chip Disable to Output in High-Z 

- 

30 

- 

30 

tOH 

Output Data Hold Time 

5 

- 

5 

- 


Write Cycle 


SYMBOL 

PARAMETER 

TC5561P-55 

TC5561P-70 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

55 

- 

70 

- 

ns 

twp 

Write Pulse Width 

35 

- 

35 

- 

tew 

Chip Enable to End of Write 

35 

- 

35 

- 

tAS 

Address Set up Time 

0 

- 

0 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

tOEW 

WE to Output Low-Z 

0 

- 

0 

- 

tODW 

WE to Output High-Z 

- 

30 

- 

30 

tDS 

Data Set up Time 

35 

- 

35 

- 

tOH 

Data Hold Time 

0 

- 

0 

- 


A. C TEST CON DITIONS 



Fig.l Output Load 


Input Pulse Levels 

2.4V/0.6V 

Input Rise and Fall Times 

5ns 

Input and Output Timing 

Reference Levels 

1.5 V 

Output Load 

See Fig. 1 
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TC5561 P-55 
TC556 IP-70 


TIMING WAVEFORMS 

• READ CYCLE (1) 



• WRITE CYCLE 2 (CE Controlled Write) 



Note^_ 

1. WE is High for Read Cycle. _ 

2. Assuming that CE Low transition occurs coincident with or after WE Low transition. Outputs remain in a high 

impedance state. _ 

3. Assuming that ^ High transition occurs coincident with or prior to WE High transition. Outputs remain in a high 
impedance state. 

4. The operating temperature(Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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TC556 IP-55 
TC5561 P-70 


DATA RETENTION CHARACTERISTICS (Ta = -40~50 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Supply Current 

Vdd=3.0V 

- 

- 

50 

aA 


- 


100 

aA 

tCOH 

Chip Deselection to Data Retntion Mode 

0 


- 

AS 

tR 

Recovery Time 

tRC{1) 


- 

AS 

































TC556IP-55 
TC5561 P-70 

OUTLINE DRAWINGS 


Unit in mm 

22 21 20 19 18 17 16 lb 14 13 12 


_r-i i—i 1—1 1—1 i—i r 1 

h r-i r-i r —1 I—I n 


6.5 MAX 


c 1 







'U l_J LJ L-l l—J q 

[j LJ LJ l—J LJ U 



1234 5 6 78 9 10 11 



Note : Each lead pitch is 2.54mrn. 

All leads are located within 0.25mm of the true longitudinal position with respect to No.1 and No.22 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©May., 1986Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 

65,536 WORD X 1 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC5562P-45 

TC5562P-55 


DESCRIPTION 

The TC5562P is a 65,536 bit high speed static 
random access memory organized as 65,536 words 
by 1 bit using CMOS technology, and operated from 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 45ns/55ns and 
maximum operating current of 100mA at minimum 
cycle time. 

The TC5562P also features and automatic stand¬ 


by mode. When deselected by chipEnable(CE), the 
operating current is'reduced from 100mA to 20mA. 

The TC5562P is suitable for use in main memory 
of high speed/high density are required. 

The TC5562P is moulded in a 22 pin standard 
plastic package with 0.3 inch width for high density 
assembly. 

The TC5562P is fabricated with ion implanted 
COMS silicon gate MOS technology for high per¬ 
formance and high reliability. 


FEATURES 

• Fast access time : TC5562P-45 45ns(MAX.) 

TC5562P-55 55ns(MAX.) 

• Low power dissipation : Operation 100mA(MAX.) 

Standby 20mA(MAX.) 

• 5V single power supply 

PIN CONNECTION (TOP VIEW) 


• Fully Static operation 

• Directly TTL compatible : All Input and Output 

• I/O separate 

• Package: 22 pin standard plastic package, 

300mil width 

BLOCK DIAGRAM 


TC5562P 


AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

I>OUT 

We 

QND 


! Vdd 

1A15 

lAl 4 

:A13 

A12 

All 

AlO 

A9 

.AO 

Din 

CTT 


t 1 22l 

[2 21 1 

[3 20 I 

[4 19 1 

[3 18 ] 

[6 17 1 

[7 16 1 

t 8 15 I 

t 9 14 1 

[10 131 

tlA 121 


(3000111 DIP) 



PIN NAMES 


< 

> 

o 

< 

Address Inputs 

Din 

Data Input 

Dout 

Data Output 

cT 

Chip Enable Input 

WE 

Write Enable Input 

Vdd 

Power (-I-5V) 

GND 

Ground 
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TC5562P-45 

TC5562P-55 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

ViN 

Input Voltage 

-2.0-7.0 

V 

VOUT 

Output Voltage 

-0.5-VDD + 0.5 

V 

Pd 

Power Dissipation 

650 

mW 

Tsolder 

Soldering Temperature 

260-10 

°C-sec 

Tstg 

Storage Temperature 

-65-150 

•c 

Topr 

Operating Temperature 

o 

1 

o 

'C 


D C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 


V 

ViL 

Input Low Voltage 

-3.0 

- 

0.8 

V 


D C and OPERATING CHARACTERISTICS < (Ta=0~70“C, Vdd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Leakage Current 

o 

o 

> 

t 

O 

II 

z 

> 

- 

- 

±1.0 

aA 

lOH 

Output High Current 

Voh = 2.4V 

-8 

- 

- 

mA 

lOL 

Output Low Current 

Vol=0.4V 

8 

- 

- 

mA 

Ilo 

Output Leakage Current 

Cr=V(H or WE=Vil 

VouT=0— Vdd 

- 

- 

±1.0 

aA 

Iddo 

Operating Current 

Vdd = 5.5V, tcycle=Min cycle, 

^=VlL 

Other lnput=ViH/ViL 


- 

100 

mA 

Iddsi 

Standby Current ^ 

t^l 

m 

II 

< 

I 

- 

- 

• 20 

mA 

IdDS2 

CE=Vdd-0.2V 

Other lnput=VDD—0.2V or 0.2V 

- 

- 

2 


CAPACITANCE (Ta = 25”C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vin = GND 

10 

PF 

CoUT 

Output Capacitance 

Vout=GND 

10 

PF 


Note : This parameter periodically sampled is not 100% tested. 
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TC5562P-45 

TC5562P-55 


A. C. CHARACTERISTICS {Ta = 0~70"C, Vdd=5V± 10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC5562P-45 

TC5562P-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

45 

- 

55 

- 

ns 

tACC 

Address Access Time 

- 

45 

- 

55 

tco 

Chip Enable Access Time 

- 

45 

- 

55 

tcOE 

Chip Enable to Output in Low-Z 

5 

- 

5 

- 

tCOD 

Chip Disable to Output in High-Z 

- 

25 

- 

30 

tOH 

Output Data Hold Time 

5 

- 

5 

- 


Write Cycle 


SYMBOL 

PARAMETER 

TC5562P-45 

TC5562P-55 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

45 

- 

55 

- 

twp 

Write Pulse Width 

30 

- 

35 

- 

tew 

Chip Enable to End of Write 

30 

- 

35 

- 

tAS 

Address Set up Time 

0 

- 

0 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

tOEW 

WE to Output Low-Z 

0 

- 

0 

- 

tODW 

WE to Output High-Z 

- 

25 

- 

30 

tos 

Data Set up Time 

30 

- 

35 

- 

tDH 

Data Hold Time 

0 

- 

0 

- 



A. C. TEST CONDITIONS 


Input Pulse Levels 

2.4V/0.6V 

Input Rise and Fall Times 

5ns 

Input and Output Timing 

Reference Levels 

1 .5V 

Output Load 

See Fig. 1 


Fig.l Output Load 
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TC5562P-45 

TC5562P-55 




• WRITE CYCLE 2 (CE Controlled Write) 



Note j_ 

1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low transition. Outputs remain in a high 

impedance state. _ 

3. Assuming that CE High transition occurs coincident with or prior WE High transition, Outputs remain in a high 
impedance state. 

4. The operating temperature(Ta) in guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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TC5562P-45 

TC5562P-55 


pUTLINE DRAWINGS 



Unit in nun 




Note ; Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the true longitudinal position with respect to No. 1 and No.22 leads. 
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TC5562P-45 

TC5562P-55 


Note: Toshiba does not assume any responsibility for use of any cirtry described; no circuit patent licenses are implied, and Toshiba reserves the right, at any time without 
notice, to change said circuitry, 
c May. 1 986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 


16,384 WORD X 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC55416P-35 

TG55416P-45 


DESCRIPTION 

The TC55416P is a 65,536 bit high speed static random access memory organized as 16,384 words by 4 bits 
using CMOS technology, and operated from a single 5-volt supply. Toshiba’s high performance device technology 
provides both high speed and low power features with a maximum access time of 35ns/45ns and maximum 
operating current of 80mA/60mA at minimum cycle time. 

The TC55416P also features an automatic stand-by mode. When deselected by Chip Enable (CE), the operating 
current is reduced to 10mA. 

The TC55416P is suitable for use in cache memory and high speed storage, where high speed/high density are 
required. 

The TC55416P is molded in a 22 pin standard plastic package with 0.3 inch width for high density assembly. 
The TC55416P is fabricated with ion implanted CMOS silicon gate MOS technology for high performance and 
high reliability. 


FEATURES 

. Fast access time : TC55416P-35 35ns (Max.) 

TC55416P-A5 A5ns (Max.) 

. Low power dissipation : Operation TC55416P-35 80niA (Max.) 

TC55416P-A5 60mA (Max.) 

Standby 10mA (Max.) 

. 5V single power supply 

. Fully static operation 

. Directly TTL compatible : All Input and Output 

. Package : 22 pins standard plastic package, 300 mil width. 
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TU5541ljr-35 

TC55416P-45 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

vdd 

Power Supply Voltage 

-0.3-7.0 

V 

VIN 

Input Voltage 

-2.0-7.0 

.V 

VOUT 

Output Voltage 

-0.5-Vdd+0.5 

V 

pd 

Power Dissipation 

650 

mW 

Tsolder 

Soldering Temperature 

260-10 

“C-sec 

Tstg 

Storage Temperature 

-65-150 

°C 

Topr 

Operating Temperature 

0-70 - 

"C 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

A.5 

5.0 

5.5 

V 

VIH 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

VIL 

Input Low Voltage 

-0.3 

- 

0.8 

V 


D.C. and OPERATING CHARACTERISTICS (Ta=0~70*C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Vin=0-Vdd 

- 

- 

±1.0 

WA 

I OH 

Output High Current 

Voh=2.AV 


- 

- 

mA 

lOL 

Output Low Current 

Vol=O.AV 

8 

- 

- 

mA 

ILO 

Output Leakage Current 

^=ViH or WE=Vil 

VouT=0"'Vdd 

■ 

■ 

±1.0 

UA 

iddo 

Operating Current 

Vdd= 5,3V 
tcycle“Min cycle 

CE=Vil 

Other Input=ViH/ViL 

-35 

B 

B 

80 

mA 

-A5 

B 

B 

60 

iddsi 

Standby Current 

Vdd= 5.5V, tcycle=Min cycle 
CE=Vih, Other Input=ViH/ViL 

D 

■ 

20 

mA 

IdDS2 

^=Vdd-0.2V 

Other Input=VDD-0.2V or 0.2V 

■ 

■ 

■ 


CAPACITANCE (Ta=25*C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CIN 

Input Capacitance 

Vin=GND 

10 

PF 

Coin 

Output Capacitance 

Vout“GND 

10 

pF 


Note: This parameter periodically sampled is not lOOZ tested. 
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TG55416P-35 

TC55416P-45 


A.C. CHARACTERISTICS (Ta-0-70“C, Vdd“ 5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

TC55416P-35 

TC55416P-A5 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Tine 

35 

- 

45 

- 

ns 

tACC 

Address Access Time 

- 

35 

- 

45 

ns 

tco 

Chip Enable Access Time 

- 

35 

- 

45 

ns 

tCOE 

Chip Enable to Output in Low-Z 

0 

- 

0 

- 

ns 

tcOD 

Chip Enable to Output in High-Z 

- 

15 

-- 

20 

ns 

tOH 

Output Data Hold Time 

5 

- 

5 

- 

ns 


Write Cycle 


SYMBOL 

PARAMETER 

TC55416P- 

-35 

TC55416P-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

35 

- 

45 

- 

ns 

tWP 

Write Pulse Width 

30 

- 

35 

- 

ns 

tew 

Chip Enable to End of Write 

30 

- 

35 

- 

ns 

tAS 

Address Set Up Time 

0 

- 

0 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

ns 

tODW 

WE to Output High-Z 

- 

15 

- 

15 

ns 


WE to Output Low-Z 

0 

- 

0 

- 

ns 

tDS 

Data Set Up Time 

15 

- 

20 

- 

ns 

tDH 

Data Hold Time 

0 

- 

0 

- 

ns 


A.C. TEST CONDITIONS 


Input Pulse Levels 

0.6V, 2.4V 

Input Rise and Fall Time 

5ns 

Input and Output Timing 
Reference Levels 

0.8V, 2.0V 

Output Load 

See Fig.l 


Vdd 


I/O PIN 







Fig.l OUTPUT LOAD 

Note: In all condition, tcoD max Is less than tcoE min both for a given device and 
from device to device. 
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TG5541liP-35 

TC55416P-45 


TIMING WAVEFORMS 

READ CYCLE 

ADDRESS 

CE 

Dqut 



WRITE CYCLE 1 (WE Controlled Write) 



WRITE CYCLE 2 (CE Controlled Write) 



Note: 1. WE is High for Read Cycle. _ 

2. Assuming that ^ Low transition occurs coincident with or after WE 

Low transition. Outputs remain in a high impedance state. _ 

3. Assuming that "CF High transition occurs coincident with or prior to WE 
High transition. Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TG55416P-35 

TC55416P-45 
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TOSHIBA MOS MEMORY PRODUCT 

16,384 WORD X 4 BIT CMOS STATIC RAM TQRRAl 7 P-3R 

SILICON GATE CMOS ■ W Wf ■ ■ I W 

TC55417P-45 


DESCRIPTION 

The TC55417P is a 65,536 bit high speed static random access memory organized as 16,384 words by 4 bits 
using CMOS technology, and operated from a single 5-voIt supply. Toshiba’s high performance device technology 
provides both high speed and low power features with a maximum access time of 35ns/45ns and maximum 
operating current of 80mA/60mA at minimum cycle time. The TC55417P also features an automatic stand-by 
mode. When deselected by Chip Enable (CE), the operating current is reduced to 10mA. The TC55417P is 
suitable for use in cache memory and high speed storage, where high speed/high density are required. The 
TC55417P is molded in a 24 pin standard plastic package with 0.3 inch width for high density assembly. The 
TC55417P is fabricated with ion implanted CMOS silicon gate MOS technology for high performance and high 
reliability. 


IFEATURESI 

• Fast access time : TC55A17P-35 35ns (Max.) 

TC55417P-45 45ns (Max.) 

• Low power dissipation; Operation TC55417P-35 80mA (Max.) 

TC55417P-45 60mA (Max.) 

Standby 10mA (Max.) 

• 5V single power supply 

• Fully static operation 

• Directly TTL compatible: All Input and Output 

• Output buffer control : OE 

• Package : 24 pins standard plastic package, 300 mil width. 


iPIl! COflHECTIOl! 


I BLOCK DIAGR'AM] 


AS C 
A7 n 
A6 C 
A5 C 
A4 C 
A3 C 
A2 C 
A1 C 
M C 
CE C 
OE C 
OND C 




230 

221 

21 

20 

19: 

18 

17 

16 

15 

14 

13 


pVi)i) 

A 9 

□ A 10 
3A11 
nAl2 
□A13 

□ N.C. 

DI/01 

DI/02 

DI/03 

jiyoi 

DWE 


(300mil DIP) 


iPIN NAMESl 


AO O.A13 

Address Inputs 

I/Ol 0.1/04 

Data Input/Output 

CE 

Chip Enable Input 


Write Enable Input 

OF 

Output Enable Input 

Vdd 

Pov7er (-1-5V) 

GND 

Ground 

N.C. 

No Connection 


A6 
A7 
A8 
A9 
..AlO 
All 
• 12 
A13 

7 . 01 

03 
I, 04 


CE 

WE 

OE 
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TC55417P-45 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3'b7.0 

V 

ViN 

Input Voltage 

-2.0 'v-7.0 

V 

VOUT 

Output Voltage 

-0.5 '\/Vdd+0.5 

V 

Pd 

Power Dissipation 

650 

mW 


Soldering Temperature • Time 

260 • 10 

°C*sec 

Pstg 

Storage Temperature 

-65 '^150 

°C 

Popr 

Operating Temperature 

0 -^^70 

°C 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

A.5 

5.0 

5.5 

V 

VlK 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 


D.C. and OPERATING CHARACTERISTICS (Ta=0'v70“C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

ViN=0 -vVdd 

- 

- 

±1.0 

pA 

^OH 

Output High Current 

Voh=2.4V 


- 

- 

mA 

tol 

Output low Current 

Vol=0.AV 


- 

- 

mA 

IlO 

Output Leakage Current 

CE=Vih or WE=Vil 

VquT^O '^Vdd 

■ 

■ 

±1.0 

uA 

iddo 

Operating Current 

Vdd= 5.5V 
tcycle=Min cycle 

CE=Vil 

Other Input=ViH/ViL 

-35 

■ 

■ 

80 

mA 

-45 

■ 

a 

60 

Iddsi 

Standby Current 

Vdd=5.5V, tcycle=Min cycle 
CE=Vi}^, Other Input=Vj}^/VjL 

■ 

■ 

20 

mA 

PdDS2 

CE=Vdd-0.2V 

Other Input=Vj)j)-0.2V or 0.2V 

■ 

■ 

■ 


CAPACITANCE (Ta=25°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

Vijj=GND 

10 

pF 

COUT 

Output Capacitance 

VouT“GND 

10 

pF 


Note; This parameter periodically sampled is not 100% tested. 
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TC55417P-45 


A.C. CHARACTERISTICS (Ta=070°C, Vdd= 5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

TC55417P-35 

TC55417P-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

35 

- 

45 

- 

ns 

t^ACC 

Address Access Time 

- 

35 

- 

45 

ns 

tco 

Chip Enable Access Time 

- 

35 

- 

45 

ns 

*^OE 

Output Enable to Output Valid 

- 

20 

- 

20 

ns 

<^COE 

Chip Enable to Output in Low-Z 

0 

- 

0 

- 

ns 

*^COD 

Chip Enable to Output in High-Z 

- 

15 

- 

20 

ns 

tOEE 

Output Enable to Output in Low-Z 

0 

- 

6 

- 

ns 

^ODO 

Output Disable to Output in High-Z 

- 

15 

- 

15 

ns 

*^OH 

Output Data Hold Time 

5 

- 

5 

- 

ns 


VJrite Cycle 


SYMBOL 

PARAMETER 

TC55417P-35 

TC55417P-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

35 

- 

45 

- 

ns 

^VJP 

Write Pulse Width 

30 

- 

35 

- 

ns 

tew 

Chip Enable to End of Write 

30 

- 

35 

- 

ns 

*=AS 

Address Set Up Time 

0 

- 

0 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

ns 

rt 

O 

g 

WE to Output High-Z 

- 

15 

- 

15 

ns 

^OEW 

WE to Output Low-Z 

0 

- 

0 

- 

ns 

tDS 

Data Set Up Time 

15 


20 

- 

ns 

^DH 

Data Hold Time 

0 


0 

- 

ns 


A.C. TEST CONDITIONS 


Input Pulse Levels 

0.6V, 2.4V 

Input Rise and Fall Time 

5ns 

Input and Output Timing 
Reference Levels 

0.3V, 2.0V 

Output Load 

See Fig. 1 



Fig. 1 OUTPUT LOAD 

Note: In all condition, t^-Qo than t^QE ^ given device and 

from device to device. 


- C-77 - 
















































































































IU9UHI I r-uu 

TC55417P-45 


TIMING WAVEFORMS 



WRITE CYCLE 1 (WE Controlled Write) 



WRITE CYCLE 2 (CE Controlled Write) 



Note: 1. WF is High for Read cycle. _ 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition. Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition. Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TC55417P-45 


OUTLINE DRAWINGS 


Unit in mm 





Note; Each lead pitch is 2.5Amm. 

All leads are located within 0.25mm of the true longitudinal position 
with respect to No.l and No.24 leads. 
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TOSHIBA 


HIGH SPEED PROGRAMMING MODE 
FEATURES 

The High Speed Programming I or High Speed 
Programming ii Aigorithms may be used to program 
64K through 512K devices. The IMEGABiT devices 
may be programmed using the High Speed Pro¬ 
gramming il Aigorithm. 


The High Speed Programming I Aigorithm uses 
1ms programming puise and the fiow chart is shown 
in Figure 1. 

The High Speed Programming II Algorithm uses 
0.1ms programming pulse and the flow chart is 
shown in Figure 2. 


APPLICABLE DEVICES 


Device Name 

Theoretical Programming Time 

EPROM 

One Time PROM 

1 

II 

TMM2764AD/ADI 

TMM2464AP/AF 

33 sec 

0.8 sec 

TMM27128AD/ADI 

TMM24128AP/AF 

66 sec 

1.7 sec 

TMM27256AD/ADI 

TMM24256AP/AF 

131 sec 

3.3 sec 

TC57256AD 

TC54256AP/AF 

131 sec 

3.3 sec 

TMM27512D/DI 

TMM24512P 

262 sec 

7.0 sec 

TC571000D 

TC541000P 

N/A 

14 sec 

TC571001D 

TC541001P 

N/A 

14 sec 


IDENTIFICATION MODE 

The identification mode aiiows the reading of an electrical signature from the device that will identify the 
manufacturer and device type. The identification mode is activated using the following conditions; 

1. For the Manufacturer Code: * 

Set A9=12V±0.5V, A0=ViL, Other Addresses=ViL 

Note: The manufacturer code is consistent with the E.I.A. standard. 

2. For the Device Code; 

Set A9=12V±0.5V, A0=ViH, Other Addresses=ViL. 

Note: The Device Code is manufacturer dependent. 

The following table shows the Electrical Signatures of Toshiba devices. 

ELECTRICAL DEVICES 


Device Name 

Signature 

EPROM 

One Time PROM 

. Manufacture Code 

Device Code 

TMM2764AD/ADI 

TMM2464AP/AF 

98 

52 

TMM27128AD/ADI 

TMM24128AP/AF 

98 

D3 

TMM27256AD/ADI 

TMM24256AP/AF 

98 

54 

TC57256AD 

TC54256AP/AF 

98 

C4 

TMM27512D/D1 

TMM24512P 

98 

15 

TC571000D 

TC541000P 

98 

86 

TC571001D 

TC541001P 

98 

07 
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TOSHIBA 

Figure 1 

HIGH SPEED PROGRAM I FLOW CHART 
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TOSHIBA 

Figure 2 

HIGH SPEED PROGRAM II FLOW CHART 
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TOSHIBA MOS MEMORY PROOUCT 

8,192 WORD X 8 BIT UV ERASABLE AND TMM2764AD-15, TMM2764AD-150 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY TMM2764AD-20, TM M2764AD-200 


DESCRIPTION 

TheTM M2764AD is a 8192 word X8 bit ultraviolet light 
erasable and electrically programmable read only mem¬ 
ory. For read operation, the TM M2764AD’s access time 
is 150ns/200ns, and theTMM2764AD operates from a 
single 5-volt power supply and has a low power standby 
mode which reduces the power dissipation without 
increasing access time. 


The standby mode is achieved by applying a TTL-high 
level signal to the CE input. 

For program operation, the programming is achieved by 
using the high speed programming mode. 

The TMM2764AD is fabricated with the N-channel 
silicon double layer gate MOS technology. 


FEATURES 



-15 

-20 

-150 

-200 

Vcc 

5V±5% 

5V±10% 

tACC 

1 50ns 

200ns 

1 50ns 

200ns 

ICC2 

100mA 

120mA 

Icci 

30mA 

35mA 


• Fully static operation 

o High speed programming mode 

• Single location programming 
o Three state outputs 

• Inputs and outputs TTL compatible 
o Pin compatible with i2764A 


PIN CONNECTION (TOP VIEW) 


Vpp 

Ai2 

A7 

Ae 

A 5 

A 4 

A 3 

A2 

Al 

Ao 

oo 

Ol 

O2 

OND 



PIN NAMES 


Ao~Ai4 

Address Inputs 

Oo—O? 

Outputs (Inputs) 


Chip Enable Input 

6e 

Output Enable Input 


Program Control Input 

N. C. 

No Connection 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


BLOCK DIAGRAM 


Vpi> QNU Vcc Oq Oj O2 O3 O4 O3 Og O7 



MODE SELECTION 


PIN 

mode\.^ 

PGM 

(27) 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo—O? 

(1 1 ~13, 15-19) 

— 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

a 

B 

H 

High Impedance 

Standby 

D 

0 

!|: 

High Impedance 

Standby 

Program 

L 

L 

* 

12.5V 

6V 

Data In 

Active 

Program 

Inhibit 

* 

H 

♦ 

High Impedance 

H 

L 

H 

High Impedance 

Program 

Verify 

H 

L 

L 

Data Out 


Note ♦ : H or L 
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TMIVI2764AD-20, TIVIM2764AD-200 


MAXliviUM RATiNGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

VOUT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260 -10 

’C-sec 

Tstrg. 

Storage Temperature 

-65-125 

•c 

Topr. 

Operating Temperature 

O 

) 

O 

'C 


READ OPERATION 

D C. AND A C. RECOMMENDED oi^RATING CO 


SYMBOL 

PARAMETER 

TMM2764AD-15/20 

TMM2764AD-1 50/200 

Ta 

Operating Temperature 

0-70’C 

0-70°C 

Vcc 

Vcc Power Supply Voltage 

5V±5% 

5V±10% 

Vpp 

Vpp Power Supply Voltage 

2.0-Vcc±0.6V 

2.0-VCC+0.6V 


D. cV AND O^ CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

< 

z 

II 

O 

1 

O 

- 

- 

±10 

■SI 

Ilo 

Output Leakage Current 

Vout=0.4— Vcc 

- 

- 

±10 

wm 

Icci 

Supply Current (Standby) 

CE = Vih 

-15/20 

- 

- 

30 

mA 

-150/200 

- 

- 

35 

Icc 2 

Supply Current (Active) 

Cr=ViL 

-15/20 

- 

_ 

100 

mA 

-150/200 

- 

- 

120 

ViH 

Input High Voltage 

- 

2.0 

- 

Vcc+1 .0 

V 

VlL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

VoH 

Output High Voltage 

loH = —400;/A 


- 

- 

V 

VoL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

IPPI 

Vpp Current 

Vpp=0—Vcc+0.6 

- 

- 

±10 
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TMM2764AD-15, TMM2764AD-I50 
TMM2764AD-20, TMM2764AD-200 


A. C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM2764AD-15/150 

TMM2764AD-20/200 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

150 

- 

200 

ns 

tCE 

CE to Output Valid 

- 

150 

- 

200 

ns 

tOE 

OE to Output Valid 

- 

70 

- 

70 

ns 

tPGM 

PGM to Output Valid 

- 

70 

- 

70 

ns 

tDFl 

CE to Output in High-Z 

0 

60 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

0 

60 

0 

60 

ns 

tDF3 

PGM to Output in High-Z 

0 

60 

0 

60 

ns 

tOH 

Output Data Hold Time 

0 

- 

0 

- 

ns 


A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


CAPACITANCE * (Ta = 25C. f^lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 



UNIT 

CiN 

Input Capacitance 

ViN = OV. 

- 

4 

6 

PF 

COUT 

Output Capacitance 

VouT = OV 

- 

8 

12 

pF 


* This parameter is periodically sampled and is not 100% tested. 


I ML uate ana ul= i uupt- 
10ns Max. 

0.45V to 2.4V 

Inouts 0.8V and 2.0V. Outouts 0.8V and 2.0V 


TIMING WAVEFORMS (READ) 
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TIVIM2764AD-20, TMM2764AD-200 


HIGH SPEED PROGRAM OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 


UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS (Ta=25±5‘C, Vcc=6V±0.25V, Vpp= 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 


III 

Input Current 

ViN=0~Vcc 

- 


±10 

aA 

VoH 

Output High Voltage 

loH= —400//A 


- 

- 

V 

VoL 

Outpu Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

120 

mA 

IPP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 

mA 

ViD 

A9 Auto Select Voltage 

- 

1 1.5 

12.0 

12.5 

V 


A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5 C, Vcc = 6V±0 25V, Vpp= l 2 5V±0 5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 



MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

AS 

tAH 

Address Hold Time 

- 

2 

- 

- 

AS 

tCES 


- 

2 

- 

- 

AS 

tCEH 

CE Hold Time 

- 

2 

- 

- 

AS 

tDS 

Data Setup Time 

- 

2 

- 

- 


tOH 

Data Hold Time 

- 

2 

- 

- 

AS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

AS 

tpw 

Program Pulse Width 

- 

0.95 

1 .0 

1 .05 


tOPW 

Additional Program Pulse Width 

Note 1 

2,85 

- 

78.75 

ms 

tPRT 

Program Pulse Rise Time 

_ 

5 

- 

- 

ns 

tPFT 

Program Pulse Fall Time 

- 

5 

- 

- 

ns 

tOE 

OE to Output Valid 

- 

- 

_ 

100 

ns 

tDF2 

OE to Output in High Z 

CE = Vil 

- 

- 

90 

ns 


A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 
o Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and CillOOpF) 

10ns Max. 

0.45 to 2.4V 

Input IV and 2V ; Output 0.8V and 2.0V 


Note : 1. topw depeds on the program pulse width which is required in the initial Progranh. 







































































































TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 


TIMING WAVEFORMS (PROGRAM) 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 1 2.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM2764AD’s erasure is achieved by apply¬ 
ing shortwave ultraviolet light which has a wave 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

The integrated dose (Ultraviolet light intensity 
[w/cm^] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W sec/cm^] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATlblM INFORMAtrON 

The TMIVI2764AD's six operation modes are list¬ 
ed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 


And using commercial lamps whose ultraviolet light 
intensity is 12000 [/iw/cm^] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
does is 12000 [jaw/cm*] X (20X60) [sec] ^ 15 
[w ■ sec/cm^j.) 

The TIVlM2764AD’s erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
The sunlight and the flourescent lamps will include 
3000~4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect 
Seal AC901-are available 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL 


- — 

PGM 

(27) 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo~07 

(11-13, 15-19) 


READ 

OPERATION 

(Ta = 0~70-C) 

Read 

H 

L 

L 

5V 

5V , 

Data Out 

Active 

Output Deselect 

Bi 

♦ 

H 

High Impedance 

Active 

Standby 

Bi 

H 

♦ 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta = 25±5-C) 

Program 

Bi 

L 

* 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

♦ 

H 

♦ 

High Impedance 

Active 

H 

L 

H 


Active 

Program Verify 

H 

mm 

L 

Data Out 

Active 


Note H ; Vil, L : Vil, * : Vih or Vil 


j READ MODE 

The TMM2764AD has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection,. 

Assuming that CE = OE = Vil and PGM=Vih, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CT^Vih or OE = Vih, the outputs 
will be in a high impedance state. 

So two or more TMM2764AD can be connected 


The CE to output valid (tcs) is equal to the address 

access time (tAcc)._ _ 

Assuming that CE=Vil, PGM=Vih and all ad¬ 
dresses are valid, the output data is v alid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE=Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


together o n a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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TMM2764AD-15, TMIIII2764AD-1S0 
TMM2764AD-20, TMM2764AD-200 


STANDBY MODE 

TheTMM2764ADhasa low power standby mode 
controlled by the CE signal. 

By applying a TTL high level to the CTinput, the 
TMM2764AD is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM2764AD are in the “ 1" state which is erased 
state. 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
12.5V ) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764AD from being 
programmed. 

Programming of two or more TMM2764AD's in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program¬ 
ming mode when the programming voltage( + 1 2.5V ) 
is applied to the Vpp terminal with Vcc = 6V and PGM 
= VlH. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduce 70% of the operating current and then the 
outputs are in a hi gh im pedance state, independent 
of the OE and the PGM inputs. 


programming. 

The levels required for all inputs are TTL. 

The TMM2764AD can be programmed any loca¬ 
tion at anytime-either individually, sequentially, 

or at random. 


T he ver ify is accomplished with OE and CE at Vil 
and PGM at Vih. 


That is, all inputs except for CE or PGM may be 
commonly connected, ^ a T TL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


program pulse of 1ms is applied and then pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max.25times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
= 5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS = OVERPROQRAM 3X PULSES OF Imsec 

NEXT ADDRESS OR ONE PULSE OP 3X msec DURATION 
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ELECTRIC SIGNATURE MODE 


TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 


Electric signature mode allows to read out a code 
from TMM2764AD which identifies its manufacture 
and device type. 

The programming equipent may read out 
manufacurer code and device code from 
TMM2764AD by using this mode before program 
operation and automatically set program voltage 
(Vpp) and algorithm. 

Electric signature mode is set up when 12V is 


applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM2764AD. 



Notes: A9 = 12V±0.5V 

A1 ~A 8. A10~A12,CE', OE = Vil 
PGM = Vih 
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OUTUNE DRAWINGS 


Unit in nun 

3 7.7 MAY 



Note 1 Note 2 


Note: 1 . Each lead pitch is 2.54nnnn. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 


Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied,.and Toshiba reserves the right, at any time 
without notice, to change said circuitry, 

©May.. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 


8,192 WORD X 8 BIT UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 


TMM2764ADI-15 

TMM2764ADI-20 


DESCRIPTION 

The TMM2764ADI is a 8192 word x 8bit ultra¬ 
violet light erasable and electrically programmable 
read only memory. For read operation, the 
TMM2764AD's access time is 150/200ns and the 
TMM2764ADI operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 


FEATURES 



-15 

-20 

Vcc 

5V±5% 

tACC 

1 50ns 

200ns 

ICC2 

100mA 

Icci 

30mA 


The standby mode is_^hieved by applying a TTL- 
high level signal to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM2764ADI is fabricated with the Nchan- 
nel silicon double layer gate MOS technology. 


• Wide operating temparature range -40~85"C 

• Fully static operation 

• High speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2764A 


PIN CONNECTION (TOP VIEW) 


vppdi 
A12C 2 
A7 c 3 

Ae c 4 

A5C* 
A4t 6 
A 3 C 7 
A 2 c 8 
Alt 9 
AqC 10 
OoC 11 
Oit 12 
O 2 C 13 
OND t 14 


28 ] Vcc 

27 ] POM 
26 ] N.C. 
25 ] As 
24 ] Ag 
23 ] All 
22 ] OE 

211Aio 
20 ICE 
19 ] O 7 
18] Og 
17 ] O 5 
16 ] O 4 
15] O 3 


PIN nMeS 


> 

0 

) 

> 

Address Inputs 

0 

0 

( 

0 

Outputs (Inputs) 

CE" 

Chip Enable Input 

OB 

Output Enable Input 


Program Control Input 

N. C. 

No Connection 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (-I-5V) 

GND 

Ground 


BLOCK DIAGRAM 


Vpp OND Vcc Oq °1 O2 °3 O4 Os Og O7 



; MODE SiLECtlON 


PIN 

MODE-^.^ 

PGM 

(27) 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

0o~07 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

D 

B 

H 

High Impedance 

Standby 

♦ 

0 

♦ 

High Impedance 

Standby 

Program 

L 

L 

D 

12.5V 

6V 

Data In 

Active 

Program 

Inhibit 

a 

D 

a 

High Impedance 

0 

n 

El 

High Impedance 

Program 

Verify 

H 

D 

B 

Data Out 


Note ♦ ; H or L 
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TMIIII2764ADI-15 

TMM2764ADj-20 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

VOUT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1 .5 

W 

Tsolder 

Soldering Temperature • Time 

260-10 

’C-sec 

Tstrg. 

Storage Temperature 

-65-125 

■c 

Topr. 

Operating Temperature 

-40-85 

•c 


READ OPERATION 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM2764ADI-15/20 

Ta 

Operating Temperature 

-40-85”C 

Vcc 

Vcc Power Supply Voltage 

5V±5% 

Vpp 

Vpp Power Supply Voltage 

2.2-VCC+0.6V 


D. C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 



MAX. 

UNIT 

III 

Input Current 

ViN=0—Vcc 

- 

- 

±10 

aA 

Ilo 

Output Leakage Current 

Vout= 0.4—Vcc 

- 

- 

+ 10 

aA 

Icci 

Supply Current (Standby) 

^=V.H 

- 

- 

35 


Icc 2 

Supply Current (Active) 

^=V.L 

- 

- 

120 

mA* 

Vih' 

Input High Voltage 

- 

2.2 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

_ 

-0.3 

- 

0.8 

V 

VoH 

Output High Voltage 

loH= —400//A 

m 

- 

- 

V 

VoL 

Output Low Voltage 

loL = 2.1mA 

- 

- . 

0.4 

V 

Ippi 

Vpp Current 

Vpp= 0—Vcc+0.6 

- 

- 

±10 

MSM 
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TIIIIM2764ADI-15 

TMIIII2764ADI-20 


A. C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM2764ADI-15 

TMM2764ADI-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

150 

- 

200 

ns 

tCE 

CE to Output Valid 

- 

150 

- 

200 

ns 

tOE 

OE to Output Valid 

- 

70 

- 

70 

ns 

tPGM 

PGM to Output Valid 

- 

70 

- 

70 

ns 

tOFl 

CE to Output in High-Z 

0 

60 

0 

60 

ns 

tOF2 

OE to Output in High-Z 

0 

60 

0 

60 

ns 

tDF3 

PGM to Output in High-Z 

0 

60 

0 

60 

ns 

tOH 

Output Data Hold Time 

0 

- 

0 

- 

ns 


A. C. TEST CONDITIONS 

• Output Load 

o Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


CAPACITANCE * (Ta = 25C-. f=1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

< 

2 

11 

o 

< 

- 

4 

6 

PF 

CoUT 

Output Capacitance 

1 VouT = OV 1 

- 

8 

12 

pF 


* This parameter is periodically sampled and is not 100% tested. 


I ML Liate ana luupr 
10ns Max. 

0.45V to 2.4V 

Inouts 0.8V and 2.0V. Outouts 0.8V and 2.0V 


TIMING WAVEFORMS (READ) 
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TIIIIM2764ADI-15 

TIIIIM2764ADI-20 


HIGH SPEED PROGRAM OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 


V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Povver Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 25±5‘C. Vcc = 6V±0.25V, Vpp= 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 





III 

Input Current 

ViN=0~Vcc 


- 


aA 

VoH 

Output High Voltage 

loH= — 400/<A 

wa 

- 



VoL 

Outpu Low Voltage 

Iol = 2.1 mA 


- 



Icc 

Vcc Supply Current 

- 


- 



IPP2 

Vpp Supply Current 

Vpp= 13.0V 

S 

- 


HDEH 

ViD 

A9 Auto Select Voltage 

- 




Hi 9 l 


A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5 C, Vcc=6V±0 25V. Vpp=12 5V±0 5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 


2 

- 

- 


tAH 

Address Hold Time 


2 

- 

- 

MS 

tCES 

CE Setup Time 

- 

2 

- 

- 

MS 

tCEH 

CE Hold Time 

- 

2 

- 

- 

MS 

tos 

Data Setup Time 

- 

2 

- 

- 

MS 

tOH 

Data Hold Time 

- 

2 

- 

- 

MS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

MS 

tPW 

Program Pulse Width 

- 


1.0 

1 .05 

ms 

tOPW 

Additional Program Pulse Width 

Note 1 


- 

78.75 

ms 

tPRT 

Program Pulse Rise Time 

- 

5 

- 

- 

ns 

tPFT 

Program Pulse Fall Time 

- 

5 

- 

- 

ns 

tOE 

OE to Output Valid 

- 

- 

- 

100 

ns 

tOF2 

OE to Output in High Z 

<^l 

m 

II 

< 

- 

- 

_90. 

ns 


A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


: 1 TTL Gate and Ci(IOOpF) 

: 10ns Max. 

: 0.45V to 2.4V 

: Input IV and 2V ; Output 0.8V and 2.0V 


Note : 1. topw depeds on the program pulse width which is required in the initial Program 
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TIMING WAVEFORMS (PROGRAM) 


TMM2764ADI-15 

TMIVI2764ADI-20 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V 
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ERASURE CHARACTERISTICS 

The TMM2764ADrs erasure is achieved by apply¬ 
ing shortwave ultraviolet light which has a wave 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

The integrated dose (Ultraviolet light intensity 
[w/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W sec/cm^j 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM 2764ADrs six operation modes are listed 
in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 


And using commercial lamps whose ultraviolet light 
intensity is 12000 [jiiw/cm^] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
does is 12000 [juw/cm^j X (20X60) [sec] 15 
[w-sec/cm2].) 

The TMM2764ADrs erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
The sunlight and the flourescent lamps will include 
3000~4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect 
Seal AC901-are available 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 


—-- NAMES (NUMBER) 

MODE ^ 

PGM 

(27) 

CE 

(20) 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo-~-07 

(11-13, 15-19) 

POWER 

READ 

OPERATION 

(Ta = -40~85-C) 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 


M 

H 

High Impedance 

Active 

Standby 

♦ 

H 

* 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta = 25±5-C) 

Program 

L 

L 

♦ 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

* 

H 

■■ 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L 

Data Out 

Active 


Note H : Vil, L ; Vil, * : Vih or Vil 


READ MODE 

The TMM2764ADI has three controi functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enabie (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE=^=Vil and PGM = Vih, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

OUTPUT DESELECT MODE- 

Assuming that CE=Vih or OE = Vih, the outputs 
will be in a high impedance state. 

So two or more TMM2764ADI can be connected 


The CE to output valid (tcE) is equal to the address 

access time (tAcc)._ _ 

Assuming that CE=Vil, PGM=Vih and all ad¬ 
dresses are valid, the output data is v alid at the 
outputs after toE from ;yTe falling edge of OE. 

And assuming that CE = OE = Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


together on_a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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TIVIIVI2764ADI-15 

TIIIIM2764ADI-20 


STANDBY MODE 

The TMM2764ADI has a low power standby mode 
controlled by the CE signal. _ 

By applying a TTL high level to the CE input, the 
TMM2764ADI is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM2764ADI are in the “1” state which is erased 
state. The programming operation is introduces "Os” 
data into the desired bit locations by electrically 
programming. 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
1 2.5 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764ADI from being 
programmed. 

Programming of two or more TMM2764ADrs in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program¬ 
ming mode when the programming voltage( + 12 .5V) 
is applied to the Vpp terminal with Vcc = 6V and PGM 
= VlH. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduce 70% of the operating current and then the 
outputs are in a hi gh im pedance state, independent 
of the OE and the PGM inputs. 


The levels required for all inputs are TTL. 

The TMI\/12764ADI can be programmed any location 
at anytime — either individually, sequentially or at 
random. 


T he ver ify is accomplished with OE and CE at Vil 
and PGM at Vih. 


That is, all inputs except for CE or PGM may be 
commonly connected, and a T TL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


program pulse of 1ms is applied and then pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max.25times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 


— D-23 — 



TMM2764ADI-15 

TIVIM2764ADI-20 


HIGH SPEED PROGRAM MODE FLOW CHART 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM2764ADI which identifies its manu¬ 
facture and device type. 

The programming equipment may read out manu¬ 
facturer code and device code from the TMM2764AD1 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 


applied to address line A9 and the rest of address 
lines are set to V|i_ in read operation. Data output 
under these conditions is manufacturer code. Device 
code is identified when address AO is set to V|h. 
These two code possess an odd parity with the parity 
bit of MSB (07). 

The following table shows electric signature of the 
TMM2764ADI. 


PINS 

A„ 

0; 

Oa 

Os 

0. 

O3 

O3 

0. 

o„ 

HEX. 

SIGNATURE'''---'--.-^^^ i 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 1 

Device Code j" 

Va 

1 

0 

0 

1 

1 

0 

0 

0 

98 

ViH 

0 

1 

1 

0 

0 

1 

0 



Notes; A9 = 12V±0.5V 

A1 -A S, A10~A12,CE", ^=Vil 
PGM = Vih 
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OUTLINE DRAWINGS 


Unit in mm 


Ra64 


28 27 26 25\24 

7.1 + 0.2 

19 18 17 16 15 


23 22 

21 20 





CO 

CO 

r 

_ 



_; 






15L24±a3 



Note; 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 


Note : Toshiba does not assume any responsibility for use of any circuitry described . no circuit patent licenses are implied., and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©May. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 


16,384 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 


TMM27128AD-15, TMM27128AD-150 
TMM27128AD 20, TMM27128AD-200 


DESCRIPTION 

The TMM27128AD is a 16,384 word x 8 bit ultra¬ 
violet light erasable and electrically programmable 
read only memory. For read operation, the TMM 
27128AD's access time is 150ns/200ns, and the 
TMM27128AD operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 


The standby mode is achieved by applying a TTL- 
high level signal to the CFinput. 

For program operation, the program is achieved 
by using the high speed programming mode. 

The TMM27128AD is fabricated with the N- 
channel silicon double layer gate MOS technolgy. 


FEATURES 



-15 

-20 

-150 1 -200 

Vcc 

5V±5% 

5V±10% 

tACC 

1 50ns 

200ns 

150ns 200ns 

ICC2 

100mA 

1 20mA 

Icci 

30mA 

35mA 


• Fully static operation 

• High speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i271 28A 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 



PIN NAMES 


> 

0 

) 

> 

Address Inputs 

0 

) 

0 

0 

Outputs (Inputs) 

cF 

Chip Enable Input 

OE 

Output Enable Input 

PGi^ 

Program Control Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (-I-5V) 

GND 

Ground 


Vpp OND Vcc Oq Oi O2 O3 O4 O3 Og O7 



MODE SELECTION 


PIN 

MODE 

PGM 

(27) 

cT 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo — Oy 

(1 1 ~13, 15-19) 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

H 

D 

H 

High Impedance 

Standby 

D 

0 

* 

High Impedance 

Standby 

Program 

L 

L 

* 

12.5V 

6V 

Data In 

Active 

Program 

Inhibit 

D 

D 

0 

High Impedance 

D 

L 

a 

High Impedance 

Program 

Verify 

H 

■ 

■ 

Data Out 


Note ♦ : H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 


Vpp 

Program Supply Voltage 

-0.6-14.0 


ViN 

Input Voltage 

-0.6-7.0 


VoUT 

Output Voltage 

-0.6-7.0 


Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260• 10 

“C-sec 

Tstrg, 

Storage Temperature 

-65-125 

•c 

Topr 

Operating Temperature 

0-70 

”C 


READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27128AD-15/20 

TMM27128AD-1 50/200 

Ta 

Operating Temperature 

0-70-C 

0-70'C 

Vcc 

Vcc Power Supply Voltage 

5V±5% 

5V± 10% 

Vpp 

Vpp Power Supply Voltage 

2.0-Vcc±0.6V 

2.0-VCC+0.6V 


D. C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 




UNIT 

Ili 

Input Current 

< 

z 

II 

O 

1 

< 

o 

- 

- 

+ 10 


Ilo 

Output Leakage Current 

Vout= 0.4—Vcc 

- 

- 

±10 

aA 

Icci 

Supply Current (Standby) 

CE = Vih 

-15/20 

- 

- 

30 

mA 

- 150/200 

- 

- 

35 

ICC2 

Supply. Current (Active) 

t^l 

m 

II 

< 

-15/20 

- 

- 

100 

mA 

-150/200 

- 

- 

120 

ViH 

Input High Voltage 

- 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

VOH 

Output High Voltage 

loH= —400//A 

1^9 

- 

- 

lV 

VoL 

Output Low Voltage 

lot = 2.1 mA 

- 

- 

0.4 


Ippi 

Vpp Current 

Vpp = 0—Vcc + 0.6 

- 

- 

±10 

aA 
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A. C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM27128AD-15/150 

TMM27128AD-20/200 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

150 

- 

200 

ns 

tCE 

CE to Output Valid 

... 

1 50 

- 

200 

ns 

tOE 

OE to Output Valid 

- 

70 


70 

ns 

tPGM 

PGM to Output Valid 

- 

70 


70 

ns 

tor 1 

CE to Output in Fligh-Z 

0 

60 

0 



tDF2 

OE to Output in High-Z 

0 

60 

0 



tDF3 

PGM to Output in High-Z 

0 

60 

0 

_ 60 ^ 

ns 

ton 

Output Data Hold Time 

0 

- 

0 

ns 


A. C. TEST CONDITIONS 


® Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Ci = lOOpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta = 25'C. f=1MHz) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

< 

z 

II 

O 

< 

- 

4 

6 

pF 

COUT 

Output Capacitance 

VouT^OV 

-- 

8 

12 

PF 


* This parameter is periodically sampled is not 100% tested. 


TIMING WAVEFORMS (READ) 
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HIGH SPEED PROGRAM OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 




ViH 

Input High Voltage 

2.0 


Vcc+1 .0 

V 

ViL 

Input.Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 25±5-C. Vcc=6V±0.25v, Vpp= 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 




UNIT 

III 

Input Current 

> 

1 

o 

II 

z 

> 




aA 

VOH 

Output High Voltage 

loH= —400//A 

m 



V 

VoL 

Outpu Low Voltage 

Iol = 2.1 mA 

- 

- 


V 

Icc 

Vcc Supply Current 

- 

- 

- 

120 

mA 

|PP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 



ViD 

A9 Auto Select Voltage 

- 

1 1.5 



V 


A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5-C, Vcc = 6V±0.25V, Vpp= 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 




tAS 

Address Setup Time 

- 

2 

- 

- 

MS 

tAH 

Address Hold Time 

- 

2 

- 

- 

MS 

tCES 

CE Setup Time 

- 

2 

- 

- 

MS 

tCEH 

CE Hold Time 

- 

2 

- 

- 

MS 

tos 

Data Setup Time 

- 

2 

- 

- 

MS 

tOH 

Data Hold Time 

- 

2 

- 

B 

MS 

tvs 

Vpp Setup Time 

- 

2 

- 

B 

MS 

tPW 

Program Pulse Width 

- 

0.95 

1 .0 

1 .05 

ms 

tOPW 

Additional Program Pulse Width 

Note 1 


3 

78.75 

ms 

tPRT 

Program pulse Rise Time 

- 

El 

- 

- 

ns 

tPFT 

Program Pulse Fall Time 

- 

5 

- 

- 

ns 

tOE 

OE to Output Valid Valid 


- 

- 


ns 

tDF2 

OE to Output is High-Z 

::> 

, II 

LU 

lu 

- 

_ 

90 

ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45\/ to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (READ) 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27128AD’s erasure is achieved by apply¬ 
ing shortwave ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) through the chips trans¬ 
parent window. 

The integrated dose (ultraviolet light intensity 
[W/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W.sec/cm^] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 


OPERATION INFORMATION 

The TMM27128AD's six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 


And using commercial lamps whose ultraviolet light 
intensity is 12000 [/iw/cm^] will reduce the exposure 
time to about 20 jhninutes. (In this case, the integrated 
dose is 12000 [jitw/cm*] X (20X60) [sec] = 15 
[w • sec/cm2] j 

The TMM27128AD’s erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
Sunlight and flourescent lamps include 3000~4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail¬ 
able 


In the read operation mode, a single 5V power 
suf^iply is required and the levels required for all 
inputs are TTL. 


—— (NUMBER) 

MODE 



(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo—0? 

(11-13, 15-19) 

POWER 

READ 

OPERATION 

(Ta = 0~70-C) 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

♦ 

H 

High Impedance 

Active 

Standby 

* 

H 

♦ 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta-25±5-C) 

Program 

L 

L 

♦ 

12,5V 

6V 

Data In 

Active 

Program Inhibit 

♦ 

H 

♦ 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L 

Data Out 

_1 

Active 


Note H : Vih, L : Vil, * : Vih or Vil 


READ MODE 

The TMM27128AD has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent' of 

device selection. _ _ _ 

Assuming that CE = OE = Vil and PGM=Vih, the 
output data^is valid at the^output after address access 
time from stabilizing of all addresses. 

OUTPUT deselect MODE 

Assuming that CE=V|h or OE=V|h, the outputs will 
be in high impedance state. 

Thus, two or more TMM27128AD’s can be connected 


The CE to output valid (tcE) is equal to the address 

access time (tAcc). _ _ 

Assuming that CE = Vil, PGM = Vih and all ad¬ 
dresses are valid, the output is valid at the outputs, 
after toE from the falling edge of OE. 

And assuming that CE = OE = Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27128AD has a low power standby mode 
conntrolled by the CE signal. _ 

By applying a TTL high level to the CE input, the 
TMM27128AD is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27128AD are in the “1” state which is the erased 
state. 

The programming operation introduces “Os" data into 
the desired bit locations by electrical programming. 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
1 2.5V ) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27128AD from being 
programmed. 

Programming of two or more TMM271 28AD's in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage ( + 12 .5V) is 
applied to the Vpp terminal with \/cc = 6\/ and PGM = 
ViH . 

The programming is achieved by applying a single 
TTL low level 1 ms pulse the PGM input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduces 70% of operating current. The outputs are in 
a hi gh im pedance state, independent of the OE and 
the PGM inputs. 


The levels required for all inputs are TTL. 

The TMM27128AD can be programmed at any 
location, anytime — either individually, sequentially or 
at random. 


T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih . 


That is, all inputs except for CE or PGM may be 
commonly connected, and a TT L low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


program pulse of 1ms is applied and then pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25'times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc^Vpp 
-5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS= OVERFROGRAM 3X PULSES OP Ijnsec 

NEXT ADDRESS OR ONE PULSE OP 3X msec DURATION 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27128AD which identifies its manufac¬ 
ture and device type. 

The programming equipment may read out manu¬ 
facturer code and device code from the TMM2764AD 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 


Electric signature mode is set up when 12V is 
applied to address line A9 and the rest of address 
lines are set to V|i_ in read operation. Data output is 
this conditions is manufacturer code. Device code is 
identified when address AO is set to V|h. These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TMM27128AD. 


PINS 

Ao 

0, 

0. 

Os 



0. 

0. 

o„ 


S1G N ATURE^''~-~._^ 

(10) 

(19) 

(18) 

(17) 



(13) 

(12) 

(11) 


Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

ViH 

_^ 

1 

0 

1 

0 

0 

1 

1 

. D3 _ 


Notes: A9=12V±0.5V 


A1 ~A 8. A10-A13,CE, OE = Vil 
PGM=Vih 


) 
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OUTLINE DRAWINGS 

Unit in mm 




1 fi24±Q3 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. ^ 

3. All dimensions are in milimeters. 
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Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

C May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PROOUCT 


16,384 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 


TMM27128ADI-15 

TMM27128ADI-20 


DESCRIPTION 

The TMM27128ADI is a 16,384 word x 8 bit ultra- The standby mode is achieved by applying a TTL- 

violet light erasable and electrically programmable high level signal to the CE input, 
read only memory. For read operation, the TMM For program operation, the program is achieved 

27128ADI'saccess time is 150ns/200ns, and the by using the high speed programming mode. 
TMf\/l27128ADI operates from a single 5-volt power The TMM271 28ADI is fabricated with the N- 

supply and has a low power standby mode which channel silicon double layer gate MOS technolgy. 

reduces the power dissipation without increasing 
access time. 

• Wide operating temparature range —40 —85°C 

• Full static operation 

• Fligh speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 
o Pin compatible with i271 28A 

PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM 



MODE SELECTION 


PIN NAMES 
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< 

1 

o 

< 

Address Inputs 

O 

o 

1 

O 

Outputs (Inputs) 


Chip Enable Input 

OE 

Output Enable Input 


Program Control Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (-I-5V) 

GND 

Ground 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

VOUT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260-10 

‘C-sec 

Tstrg 

Storage Temperature 

-65-125 

•c 

Topr 

Operating Temperature 

-40-85 

•c 


RE AD OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27128ADI-15/20 

Ta 

Operating Temperature 

-40-85X 

Vcc 

Vcc Power Supply Voltage 

5V±5% 

Vpp 

Vpp Power Supply Voltage 

2.0-Vcc±0.6V 


D. C. AND 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

< 

z 

II 

O 

1 

< 

n 

o 

- ■ 


±10 


Ilo 

Output Leakage Current 

Vout=0.4— Vcc 

- 

- 

±10 

aA 

Icci 

Supply Current (Standby) 

< 

I 

- 

- 

35 

mA 

Icc 2 

Supply Current (Active) 

m 

II 

< 

- 

- 

120 

mA 

ViH 

Input High Voltage 

- 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

VOH 

Output High Voltage 

loH= —400/xA 

m 

- 

- 

V 

VoL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

IPPI 

Vpp Current 

Vpp=0—Vcc+0.6 

- 

- 

±10 

aA 
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A. C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM27128ADI-15 

TMM27128ADI-20 


MIN. 

MAX. 

MIN. 


tACC 

Address Access Time 

- 

150 

- 

200 


tCE 

CE to Output Valid 

- 

150 

- 

200 

ns 

tOE 

OE to Output Valid 

- 

70 


70 

ns 

tPGM 

PGM to Output Valid 

- 

70 


70 

ns 

tOFI 

CE to Output in Fligh-Z 

0 

60 

0 

60 

ns 

tDE2 

OE to Output in High-Z 

0 

60 

0 

60 

ns 

tDF3 

PGM to Output in Fligh-Z 

0 

60 

0 

60 

ns 

ton 

Output Data Flold Time 

0 

- 

0 

- 

ns 


A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 
o Input Pulse Levels 
o Timing Measurement Reference Level 

CAPACITANCE * (Ta = 25'C. f=:1MHz) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 



UNIT 

CiN 

Input Capacitance 

< 

5 

II 

O 

< 

- 

HI 


PF 

COUT 

Output Capacitance 

VouT = OV 

- 

8 


PF 


* This parameter is periodically sampled is not 100% tested. 


TIMING WAVEFORMS (READ) 



1 TTL Gate and Cl= lOOpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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HIGH SPEED PROGRAM OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+ 1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

V5c Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 25±5”C. Vcc = 6V±0.25v, Vpp= 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

(j 

> 

1 

o 

II 

- 

- 


//A 

VoH 

Output High Voltage 

loH = —400^A 


- 

- 

V 

VoL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 



IPP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 

mA 

ViD 

A9 Auto Select Voltage 

- 



12.5 

V 


A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5-C, Vcc = 6V±0.25V, Vpp= 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP, 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

MS 

tAH 

Address Hold Time 

• - 

2 

- 

- 

MS 

tCES 

^ Setup Time 

- 

2 

- 

- 

MS 

tCEH 

^ Hold Time 

- 

2 

- 

- 

MS 

tDS 

Data Setup Time 

- 

2 

- 

- 

MS 

tDH 

Data Hold Time 

- 

2 

- 

- 

MS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

MS 

tPW 

Program Pulse Width 

- 



1 .05 

ms 

tOPW 

Additional Program Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

tPRT 

Program pulse Rise Time 

- 

5 

- 

- 

ns 

tPFT 

Program Pulse Fall Time 

- 

5 

- 

- 

ns 

tOE 

OE to Output Valid Valid 

- 

- 

- 

100 

ns 

tDF2 

OE to Output is High-Z 

t^l 

m 

II 

< 

- 

- 

90 

ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 




















































































































TIMING WAVEFORMS (READ) 


TIVIIVI27128ADI-15 

TIVIM27128ADI-20 



Note : 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27128ADrs erasure is achieved by apply¬ 
ing shortwave ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) of the chip through the 
transparent window. 

The integrated dose (ultraviolet light intensity 
[W/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W.sec/cm^] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 


And using commercial lamps whose ultraviolet light 
intensity is 12000 [jLiw/cm^j will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [^w/cm^j X (20X60) [sec] = 15 
[w • sec/cm^].) 

The TMM27128ADrs erasure begins to occur when 
exposed to light with wavelengths shorter than 4000A. 
Sunlight and flourescent lamps include 3000~4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail¬ 
able 


OPERATION INFORMATION 

The TI\/1M271 28ADI's six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 


■ --——PIN NAME (MODE) 

MODE ■— 

PGM 

(27) 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo~07 

(11-13, 15-19) 


READ 

OPERATION 

(Ta = -40~85"C) 

Read 


L 

L 

5V 

5V 

Data Out 


Output Deselect 


■■ 

H 

High Impedance 

Active 

Standby 

* 


♦ 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta = 25±5'C) 

Program 

L 

L 

* 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

* 

H 

♦ 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L 

Data Out 

Active 


Note H : Vim, L : ; Vil, + : Vih or Vil 


READ MODE 

The TMM27128ADI has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 

device selection. _ _ _ 

Assuming that CE = OE = Vil and PGM = Vih, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=V|h or OE=V||-i, the outputs will 
be in high impedance state. 

So two or more TMM27128ADI's can be connected 


The CE to output valid (ter) is equal to the address 

access time (tAcc)._ _^ 

Assuming that CE = Vil, PGM=Vih and all ad¬ 
dresses are valid, the output is valid at the outputs, 
after toE from the falling edge of OE. 

And assuming that CE = OE=Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27128ADI has a low power standby mode 
conntrolled by the CE signal. _ 

By applying a TTL high level to the CE input, the 
TMM27128ADI is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27128ADI are in the “1" state which is the 
erased state. 

The programming operation introduces “Os" data 
into the desired bit locations by electrical program- 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 

1 2.SV ) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27128ADI from being 
programmed. 

Programming of two or more TMM271 28ADrs in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage ( + 12 .5V) is 
applied to the Vpp terminal with Vcc = 6V and PGM = 
VlH. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduces 70% of operating current. The outputs are 
the n in a hi gh im pedance state, independent of the 
OE and the PGM inputs. 


ming. 

The levels required for all inputs are TTL. 

The TMM27128ADI can be programmed at any 
location, anytime — either individually, sequentially or 
at random. 


T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 


That IS, all inputs except for CE or PGM may be 
commonly connected, ar^ a TT L low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


program pulse of 1 ms is applied and then pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied, 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
-5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27128ADI which identifies its manu¬ 
facture and device type. 

The programming equipment may read out manufac¬ 
turer code and device code from the TMM27128ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when ^2\l is 


applied to address line A9 and the rest of address 
lines are set to V|l in read operation. Data output is 
this conditions is manufacturer code. Device code is 
identified when address AO is set to V|h. These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of 
TMM27128ADI. 


PINS 

Ao 

0 : 

0 . 

Os 

O 4 

O 3 

O 3 

0 , 

Oo 

HEX. 

SIG N ATURE^''~~~-~-___ 

( 10 ) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

( 12 ) 

( 11 ) 

DATA 

Manufacture Code 

ViL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

ViH 

_ 1 

1 

0 

1 

0 

0 

1 

1 

D3 


Notes: A9 = 12V±0.5V_ 

At ~A 8 . A10~A13.CE, OE = Vil 
PGM=Vih 


— D-47 — 























TIVIIVI27128ADI-15 

TIVIM27128ADI-20 


OUTLINE DRAWINGS 

Unit in mm 


3 7.7 MAX. 





Note ; 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in milimeters. 


Note . Toshiba does not assume any responsibility lor use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

CMay. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 


32,768 WORD X 8 BIT N-MOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 


TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMIVI27256AD-200 


DESCRIPTION 

The TMM27256AD is a 32,768 word x 8 bit 
ultraviolet light erasable and electrically program¬ 
mable read only memory. 

For read operation, the TMI\/127256AD's access 
time IS 1 50ns/200ns, and the TI\/1IV127256AD oper¬ 
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis¬ 
sipation without increasing access time. The standby 


mode is achieved by applying aTTL-high level signal 
to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM27256AD is fabricated with the N-chan- 
nel silicon double layer gate MOS technology. 


FEATURES 



-15 

-20 

-150 

-200 

Vcc 

5V±5% 

5V±10% 

tACC 

1 50ns 

200 ns 

1 50ns 

200 ns 

ICC2 

100mA 

120mA 

Icci 

30mA 

35mA 


• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 
o Pin compatible with i 27256 

• Standard 28 pin DIP cerdip package 


PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 


Vpp OND Vco 00 01 02 03 04 05 06 07 



PIN NAMES 


> 

o 

t 

> 

Address Inputs 

O 

o 

( 

o 

Outputs (Inputs) 

CE 

Chip Enable Input 


Output Enable Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


MODE SELECTION 


IBM 

CE" 

(20) 



Vcc 

(28) 

0o~07 

(1 1-13, 15-19) 

POWER 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

* 

H 

Fligh Impedance 

Standby 

H 

♦ 

High Impedance 

Standby 

Program 

L 

H 

12.5V 

6 V 

Data In 

Active 

Program 

Inhibit 

H 

* 

High Impedance 

Program 

Verify 

* 

L 

Data Out 


Note ♦ : H or L 
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MAXIMUM RATINGS 


SYMBOL 

item 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

Vi 0 

Input/Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

'C-sec 

Tstg. 

Storage Temperature 

-65-125 

•c 

Topr 

Operating Temperature 

0-70 

•c 


READ OPERATION 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27256AD-15/20 

TMM27256AD-1 50/200 

Ta 

Operating Temperature 

0-70-C 

0-70"C 

Vcc 

Vcc Power Supply Voltage 

5V±5% 

5V±10% 

Vpp 

Vpp Power Supply Voltage 

2 .0—Vcc±0.6V 

2.0-VCC + 0.6V 


D. C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 




UNIT 

III 

Input Current 

< 

2 

II 

o 

> 

< 

o 

o 

- 

- 

±10 

aA 

Ilo 

Output Leakage Current 

Vout = 0.4—Vcc 

- 

- 

±10 

aA 


Supply Current (Standby) 

CE=Vih 

-15/20 

- 

- 

30 


-150/200 

- 

- 

35 

ICC2 


CE'=Vil 

-15/20 

- 

- 




- 

- 


ViH 

Input Fligh Voltage 

- 

2.0 

- 

Vcc+ 1 .0 

V 

ViL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

VOH 

Output High Voltage 

loH= —AOOfiA 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

lot = 2.1 mA 

- 

- 

0.4 

V 

Ippi 

Vpp Current 

Vpp = 0—Vcc+ 0.6 

- 

- 

±10 

aA 


A.C. CHARACTERISTICS . (Ta = 0--70"C. Vcc=5V±5%. Vpp=2.0V~Vcc+0.6V) 



TEST CONDITION 

TMM27256AD-15/150 

TMM27256AD-20/200 

UNIT 

t 


MIN. 

MAX. 

MIN. 

MAX. 

ndcJress Access Time 

m| 

II 

o| 

m| 

11 

< 

- 

150 

- 

200 

ns 

tCE 

CE to Output Valid 

> 

II 

|UJ 

lo 

- 

150 

- 

200 

ns 

tOE 

OE to Output Valid 

m 

11 

< 

- 

70 

- 

70 

ns 

ton 

CE to Output in High-Z 

OE=Vil 

0 

60 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

m 

11 

< 

0 

60 

0 

60 

ns 

toH 

Output Data Hold Time 

CE = OE=Vil 

0 

- 

0 

- 

ns 


Av C. Test Conditions 


* Ooiput Load 

"i- input Pulse Rise and Fall Times 
Input Pulse Levels 

® Timing Measurement Reference Level 


1 TTL Gate and Cl= 10OpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V. Outputs 0.8V and 2.0V 
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CAPACITANCE * (Ta = 25'C. f=1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

> 

O 

II 

z 

> 

- 

4 

6 

PF 

COUT 

Output Capacitance 

VouT = OV 

- 

8 

12 

PF 


* This paramater is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 



PROGRAM OPERATION 

D C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D.C. and OPERATING CHARACTERISTICS {Ta = 25±5-C. Vcc=6V±0.25V, Vpp = 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN = 0~Vcc 

- 

- 

±10 


VOH 

Output High Voltage 

loH = —400//A 

m 

- 

- 

V 

VoL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

120 

mA 

IPP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 

mA 
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A C. PROGRAMMING CHARACTERISTICS (Ta = 25±5 C, Vcc = 6V±0 25V, Vpp= 12 5V±o 5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX, 

UNIT 

tAS 

Address Setup Time 


2 

- 


MS 

tAH 

Address Hold Time 

- 

2 

- 


tCES 

CE Setup Time 

- 

0 

- 

- j ns 

tCEH 

CE Hold Time 

- 

0 

- 

. 

tOES 

OE Setup Time 

- 

2 

- 


MS 1 

tDS 

Data Setup Time 

- 

2 

- 


MS 

tOH 

Data Hold Time 

- 

2 

- 


MS 

tvPS 

Vpp Setup Time 

- 

2 


^ 1 

MS 

tvcs 

Vcc Setup Time 

- 

2 


1 T 

j 

MS 

tPW 

Initial Program Pulse Width 

^=ViL, OE = Vih 

0.95 

1 

1.05j 

ms 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3 

78.75i 

ms 

tOE 

OE to Output Valid 

^=VlH 

- 

- 

150 j 

ns 

tDEF 

OE to Output in High-Z 

n 

X 

> 

II 

tuj 

lo 


lLLo,! 



A C Test Conditions 

• Output Load : 1 TTL Gate and Cl (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V to 2.4V 

• Timing Measurement Reference Level : Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note : 1. The length of the overprogram pulse may vary as a function of the counter value X. 

TIMING WAVEFORMS (PROGRAM) 

{Vcc = 6V±0,25V. Vpp = 12.5V±0.5V) 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 1 4V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27256AD’s erasure is achieved by apply¬ 
ing shortwave ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) through the chips trans¬ 
parent window. 

The integrated dose (ultraviolet light intensity 
[w/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [w-sec/cm^j 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

TheTMI\/l27256AD's six operation modes are list¬ 
ed in the following table. Mode selection can be 


And using commercial lamps whose ultraviolet light 
intensity is 12000 [/iw/cm*j will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [/xw/cm*] X (20X60) [sec] 15 
[w-sec/cm2].) 

The TMM27256AD’s erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
Sunlight and flourescent lamps include 3000~4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail¬ 
able 


achieved by applying TTL level signal to all inputs. 




OE 

(22) 



Oo—O? 

(11-13. 15-19) 

POWER 

Read Operation 
(Ta = 0~70-C) 

Read 


L 

5 V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Active 

Standby 

H 

♦ 

High Impedance 

Standby 

Program Operation 
(Ta = 25±5-C) 

Program 

L 

H 

12.5V 

6 V 

Data In 

Active 

Program Inhibit 

H 

♦ 

High Impedance 

Active 

Program Verify 

* 

L 

Data Out 

Active 


Note H : Vih, L : Vil, * ; Vm or Vil 


READ MODE 

The TMM27256AD has two control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. 

Assuming that CE = OE = \/il, the output data is 
valid at the outputs after address access time from 

OUTPUT DESELECT MODE 

Assuming that CE = \/ih or OE=ViH.the outputs 
will be in a high impedance state. 

So two or more TMM27256AD's can be con- 


stabilizing_of all addresses. 

The CE to output valid (Ice) is equal to the address 
access time (tAcc). _ 

Assuming that CE = Vil and all addresses are 
valid, the output data is y^d at the outputs after toE 
from the falling edge of OE. 


nected together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27256AD has a low power standby mode 
conntrolled by the CE signal. 

By applying a high level to the CE input, the 
TMM27256AD is placed in standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27256AD are in the “1 ” state which is the erased 
state. 

The programming operation introduces “Os” data 
into the desired bit locations by electrical program¬ 
ming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ^ 
12.5V) IS applied to Vpp terminal, a high level CE 
input inhibits the TMM27256AD from being pro¬ 
grammed. 

Programming of two or more TMI\/127256ADs in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE ^ 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage (-1-12.5V) is 
applied to the Vpp terminal with Vcc =6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduces the operating current by 70%. The outputs 
are then in a high impedance state, independent of 
the OE inputs. 


The TMM27256AD is in the programming mode 
when the V input is at 12.5V and CE is at TTL-Low with 
OE=V|h. 

The TMM27256AD can be programmed at any 
location, anytime — either individually, sequentially or 
at randomly. 


The verify is accomplished with OE of Vil and CE 
ViH or Vil. 


That is , all inputs except for CE and OE may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other 
devices. 


program pulse of 1ms is applied and then the pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 
3 times that needed for initial programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27256AD which identifies its manu¬ 
facture and device type. 

The programming equipment may read out manufac¬ 
turer code and device code from the TMM27256AD 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 


applied to address line A9 and the rest of address 
lines are set to V|l in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih- These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TMM27256AD. 



Ao 

O 7 

Oe 

O 5 

O 4 

03 

O 2 

Oi 




(10) 

(19) 

(18) 

(17) 

n 6) 

(15) 

(13) 

(12) 



Manufacture Code 

ViL 

1 

0 

0 


1 

0 

0 

0 

98 

Device Code 

Vih 

0 

I 1 

0 


0 

1 

0 

0 

54 


Notes: A9 = 12V±0.5V 


At-As, A10-A14, CE, OE'-Vil 

OUTLINE DRAWINGS ; 

Unit in mm 




1 £i24±Q3 



Note : 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 


32,768 WORD X 8 BIT N-MOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 


TMM27256ADI-15 

TMM27256ADI-20 


DESCRIPTION 

The TMM27256ADI is a 32,768 word x 8 bit 
ultraviolet light erasable and electrically program¬ 
mable read only memory. 

For read operation. The TMM27256ADI's access 
time is 1 50ns/200ns, and the TMM27256ADI oper¬ 
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis¬ 
sipation without increasing access time. The standby 


mode is achieved by applying aTTL-high level signal 
to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM27256ADI is fabricated with the N-chan- 
nel silicon double layer gate MOS technology. 


FEATURES 



-15 

-20 

Vcc 

5V±5% 

tACC 

1 50ns 

200 ns 

ICC2 

100mA 

Icci 

30mA 


• Wide operating temparature range —40~85°C 

• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with i27256 

• Standard 28 pin DIP cerdip package 


PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 


Vpp OND Vcc 00 01 02 03 04 05 06 07 


OE 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

AlO 

All 

A12 

A13 

A14 



PIN NAMES 


> 

o 

1 . 

> 

Address Inputs 

O 

o 

/ 

o 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (-1-5V) 

GND 

Ground 


MODE SELECTION 


IMi 

(20) 

(22) 

Vpp 

(1) 

Vcc 

(28) 

0o~07 

(1 1-13, 15-19) 


Read . 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 



High Impedance 

Standby 

H 

♦ 



Program 

L 

H 

12,5V 

6 V 

Data In 

Active 

Program 

Inhibit 

H 

♦ 

High Impedance 

Program 

Verify 

♦ 

L 

Data Out 


Note * • H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM' 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

Vi 0 

Input/Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260-10 

'C-sec 

Tstg 

Storage Temperature 

-65-125 

”C 

Topr 

Operating Temperature 

-40-85'C 

•c 


READ OPERATION 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27256ADI-15/20 

Ta 

Operating Temperature 

-40-85-C 

Vcc 

Vcc Power Supply Voltage 

5V±5% 

Vpp 

Vpp Power Supply Voltage 

2.2-Vcc±0.6V 


D. C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN = 0—Vcc 

- 

- 

■ ±10 

Ea 

Ilo 

Output Leakage Current 

Vout= 0.4—Vcc 

- 

- 

±10 

aA 

Icci 

Supply Current (Standby) 

^=VlH 

- 

- 

35 

mA 

Icc 2 

Supply Current (Active) 

Cr=ViL 

- 

- 

120 

mA 

ViH 

Input High Voltage 

- 

2.2 

- 



ViL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

VoH 

Output High Voltage 

loH= —AOOfiA 

2.4 

- 

- 


VoL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 


Ipp1 

Vpp Current 

Vpp= 0—Vcc+0.6 

- 

- 

±10 

aA 


A.C. CHARACTERISTICS (Ta = -40~85-C, Vcc=5V±5%, Vpp = 2 .0 V~Vcc+0 .6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

TMM27256AD-15 

TMM27256AD-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

> 

II 

ILU 

lo 

II 

Ilu 

lu 

- 

150 

- 

200 

ns 

tCE 

CE to Output Valid 

> 

II 

Ilu 

lo 

- 

150 

- 

200 

ns 

tOE 

OE to Output Valid 

o| 

m 

II 

< 

- 

70 

- 

70 

ns 

tDFI 

CE to Output in High-Z 

> 

II 

|UJ 

lo 

0 

60 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

CE=VrL 

0 

60 

0 

60 

ns 

tOH 

Output Data Hold Time 

^=OE = Vil 

0 

- 

0 

- 

ns 


A C Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl= lOOpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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CAPACITANCE * (Ta = 25-C. f=1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 


CiN 

Input Capacitance 

> 

O 

II 

z 

> 

- 

4 

6 

PF 

Gout 

Output Capacitance 

VouT = OV 

- 

8 

12 

PF 


♦ This paramater is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 



PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+1.0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = 25±5C, Vcc = 6V±0 25V, Vpp = 12 5V±0 5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN = 0~Vcc 

- 

- 

±10 

aA 

VOH 

Output High Voltage 

loH= — 400;iA 

Bl 

- 

- 

V 

VoL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 


mA 

IPP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 

mA 
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A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5C. Vcc = 6V±0 25V. Vpp=12 5V±0 5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

AS 

tAH 

Address Hold Time 

- 

2 

- 

- 

AS 

tCES 

CE Setup Time 

- 

0 

- 

- 

ns 

tCEH 

CE Hold Time 

- 

0 

- 

_1 

ns 

tors 

OE Setup Time 

- 

2 

- 

B 

AS 

tos 

Data Setup Time 

- 

2 

- 

S 

AS 

tOH 

Data Hold Time 

- 

2 

- 

- 

AS 

tVPS 

Vpp Setup Time 

- 

2 

- 

- 


tvcs 

Vcc, Setup Time 

- 

2 

- 

- 


tPW 

Initial Program Pulse Width 

CE‘=V,l, OE=Vih 


1 

1 .05 

ms 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 



ms 

tOE 

OE to Output Valid 

I 

> 

II 

|lu 

1<_) 

- 

- 

150 

ns 

tnEE OE to Output in High-Z 

<^l 

m| 

II 

< 

1 

- 

- 

130 

ns 


A C Test Conditions 

• Output Load : 1 TTL Gate and Ci (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V to 2.4V 

• Timing Measurement Reference Level : Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note : 1 . The length of the overprogram pulse may vary as a function of the counter value X. 

TIMING WAVEFORMS (PROGRAM) 

(VcC= 6V±0.25V, Vpp=1 2.5V±0.5V) 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V 
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ERASURE CHARACTERISTICS 

The TMM27256ADrs erasure is achieved by apply¬ 
ing shortwave ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) of the chip through the 
transparent window. 

The integrated dose (ultraviolet light intensity 
[w/cm^] X exposure time [sec.]) for erasure should be 
a minimum of 15 [w-sec/cm^] 

When the Toshiba GL-15 sterilizing lamp is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TM!\/I27256ADrs six operation modes are list¬ 
ed in the following table. Mode selection can be 


And using commercial lamps with an ultraviolet light 
intensity of 12000 [jtiw/cm^] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 4AW/cm2] X (20X60) [sec] ^ 15 
[w- sec/cm^j.) 

The TMM27256ADrs erasure begins to occur when 
exposed to light with wavelengths shorter than 4000A. 
Both Sunlight and flourescent lamps include 
3000~4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, opaque seals-Toshiba EPROM Protect Seal 
AC901-are available 


achieved by applying TTL level signal to all inputs. 


MODE ~~~ 

Read Operation 
(Ta=-40~a5-C) 

Read 

(20) 

L 

OE 

(22) 

L 

Vpp 

(1) 

H 



Output Deselect 

* 

H 

5 V 

5V 

[High Impedance 

Active 

Standby 

H 

* 




Standby 

Program Operation 
(Ta = 25±5-C) 

Program 

L 




Data In 

Active 

Program Inhibit 


* 


6V 

High Impedance 

Active 

Program Verify 

♦ 

l__LJ 



Data Out 

Active 


Note H : Vih, L : Vil, * : Vih or Vil 


READ MODE 

The TMM27256ADI has two control functions. 

The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) controls the output buffers, 
independent of device selection. 

Assuming that CE=OE=V|l, the output data is valid 
at the outputs after the address access time from 

OUTPUT DESELECT MODE 

With CE=V|h or OE=V|h, outputs will be in high 
impedance state. 

Therefore two or more TMM27256ADrs can be con- 


stabilizing of all addressees. 

The CE to output valid (tcE) is equal to the 
address access time (tACC)- 
Assuming that CE=V|l and all addresses are valid, 
the output data is valid at the outputs after tQE ffom 
the falling edge of CE. 


nected together on a common bus line. 

When ^ is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27256ADI has a low power standby mode 
conntrolled by the CE signal. _ 

By applying a high level to the CE input, the 
TMM27256ADI is placed in the standby mode which 

F^ROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27256ADI are in the “1” state which is the 
erased state. 

The programming operation introduces "Os” data 
into the desired bit locations by electrical program¬ 
ming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
12.5V) IS applied to Vpp terminal, a high level CE 
input inhibits the TMM27256ADI from being pro¬ 
grammed. 

Programming of two or more TMM27256ADrs in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programmino 
mode when the programming voltage (-f 12.5V) 
applied to the Vpp terminal with Vcc = 6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduces 70% of operating current by applying TTL- 
high level (Vcc)- The outpu^are in a high impedance 
state, independent of the OE inputs. 


The TMM27256ADI is in the programming mode 
when the Vpp input is at 12.5V and CE is at TTL-Low 
under OE=V|i-i. 

The TMM27256ADI can be programmed at any 
location, anytime — either individually, sequentially or 
at random. 


The verify is accomplished with OE of Vil and CE 
ViH or ViL. 


That IS , all inputs except for CE and OE may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other 
devices. 


program pulse of 1 ms is applied and then the pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 
3 times that needed for initial programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27256ADI which identifies its manu¬ 
facture and device type. 

The programming equipment may read out manufac¬ 
turer code and device code from the TMM27256ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 


applied to address line A9 and the rest of address 
lines are set to V||_ in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to V|h. These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TMM27256ADI. 


PINS 

S1G N A T U R 

Manufacture Code 

Ao 1 
(10)_ 

07 

(19) 

1 

06 

(18) 

0 

KM 


03 

(15) 

1 


Oi 

(12) 

0 

Oo 

(11) 

0 

HEX. 

DATA 

98 

Device Code 

Vih 0 

1 

0 

BE 

0 

^b^b 

0 

0 

54 


Notes: A9 = 12V±0.5V 


Ai-Ab, Aio-Ai4, CE, OE —Vil 


OUTLINE DRAWINGS 

Unit In nun 




1 Si24±Q3 



Note 2 

Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 


Note ; Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any *ime 
without notice, to change said circuitry 
'^May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 

32,768 WORD X 8 BIT CMOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABEL READ ONLY 
MEMORY 

SILICON STACKED GATE MOS 


TC57256D-20 

TC57256D-25 


DESCRIPTION 

The TC57256D is a 32,768 word X8 bit CMOS 
ultraviolet light erasable and electrically program¬ 
mable read only memory. For read operation, the 
TC57256D’s access time is 200ns, and the TC57256D 
operates from a single 5-volt power supply and has 
low power standby mode which reduces the power 
dissipation without increasing access time. The stand¬ 
by mode is achieved by applying a TTL-high level 
signal to the CE input. Advanced CMOS technology 
reduces the maximum active current to 30 mA/5MHz 


and standby current to lOOjuA. 

For program operation, the programming is achiev¬ 
ed by using the high speed programming mode. 
Program supply voltage is 21V. The programming of 
the TC57256D is accomplished within one and a half 
minutes (typ.) TC57256D is fabricated using CMOS 
technology and N-channel silicon double layer gate 
MOS technology. 


FEATURES 

• Peripheral circuit: CMOS 
Memory cell : N-MOS 

• Low power dissipation 

30mA/5MHZ (active) 
lOO/xA (standby) 

• Fast access time TC57256D-20 200 ns 

TC57256D-25 250 ns 


• Single 5V power supply 

• Full static operation 

• High speed programming mode 

• Inputs and outputs TTLcompatible 

• Pin compatible with ROMS TC53257P, TMM23256P 
- and EPROM i27256 

• Standard 28 pin DIP cerdip Package 


PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



PIN NAMES 


Ao ~ Ai4 

Address Inputs 

Oq ~ O 7 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply 

Voltage 

Vcc 

Vcc Supply Voltage 
(+5V) 

GND 

Ground 


MODE SELECTION 




B 

Vpp 

( 1 ) 

Vcc 

(28) 

Oo ~ O 7 

(11 ~13, 15-19) 

POWER 

Read 

L 

L 

5V 

5V 

Data Out 

• Active 

Output Deselect 

* 

H 

5V 

High Impedance 

Standby 

H 

« 

5V 

High Impedance 

Standby 

Program 

L 

H 

21V 

6 V 

Data In 

Active 

Program Inhibit 

H 

* 

High Impedance 

Program Verify 

L 

L 

Data Out 


* * ; H or L 
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TC57256D-25 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6 ~ 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 ~ 22.0 

V 

V|N 

Input Voltage 

-0.6 ~ 7.0 

V 

V|/o 

Input/Output Voltage 

—0.6 ~ Vcc 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature Time 

260- 10 

°C • sec 

TstRG 

Storage Temperature 

-65-125 

°C 

Tqpr 

Operating Temperature 

-40 - 85 

°C 


READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.2 

- 

Vcc + 0-3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.0 

Vcc 

Vcc + 0.3 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, Vcc = 5V ±5%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input current 

V|N = 0 — Vcc 

- 

- 

±10 

ma 

Iccoi 

Operating Current 

CE = 0 . 

f=5MHz 

- 

- 

30 

mA 

ICC02 

f = 1MHz 

- 

- 

10 

mA 

Iccsi 

Standby Current 

CE = V|H 

- ■ 

- 

1 

mA 

ICCS2 

CE = Vcc ~0.2V 

- 

- 

100 

ma 

VqH 

Output High Voltage 

Iqh ~ —400|iA 

WEm 

- 

- 

V 

Vql 

Output Low Voltage 

Iql = 2.1mA 

- 

- 

0.4 

V 

Ippi 

Vpp Current 

Vpp = 0 — Vcc 0.3V 

- 

- 

±10 

MA 

Ilo 

Output,Leakage Current 

Vqut = 0.4V~ Vcc 

- 

- 

±10 

/iA 


A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, Vcc = 5V ±5%, Vpp = 2.0V ~ Vcc + 0.3V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC57256D-20 

TC57256D-25 

UNIT 

MIN. 

MAX. 

MIN. 


tACC 

Address Access Time 

- 

> 

II 

|UJ 

10 

11 

|UJ 

lu 

— 

200 

_ 

250 

ns 

^CE 

■III!.... 

OE = V,l 

- 

200 

— 

250 

ns 

tOE 

OE to Output Valid 

CE =V,L 

— 

70 

— 

100 

ns 

tOFl 

CE to Output in High-Z 


0 

60 

0 

90 

ns 

tDF2 

OE to Output in High-Z 


0 

60 

0 

90 

ns 

tOH 

Output Data Hold Time 

CE =OE = V|L 

0 

- 

0 

- 

ns 


A C. TEST CONDITONS 

Output Load ' : 1 TTL Gate and Cl = lOOpF 

Input Pulse Rise and Fall Times ; 10 ns Max. 

Input Pulse Levels : 0.45 ~ 2.4V 

Timing Mesurement Reference Level : Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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TC57Z56D-Z0 

TC57Z56D-25 


CAPACrtANCE "(Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

1 TEST CONDITION 1 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

> 

O 

II 

z 

> 

- 

4 

6 1 

PF 

CoUT 

Output Capacitance 

Vqux - OV 

- 

8 

12 

PF 


*This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 



PROGRAM OP 

; D.C. RECOMMENDED OPERATING CONDITONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX, 

UNIT 

ViH 

Input High Voltage 

2.2 

- 


V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

20.5 

21.0 

21.5 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = 25 iS^C, Vcc = 6V ±0.25V, Vpp = 21V ±0.5) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

< 

z 

II 

o 

1 

o 

- 

- 

±10 

HA 

Vqh 

Output High Voltage 

Iqh = -400^A 

2.4 

- 

- 

V 

Vql 

Output Low Voltage 

Iql — 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

30 

mA 

Ipp2 

Vpp Supply Current 

Vpp = 21.5V 

- 

- 

30 

mA 


A.C. MoGRAMMING CHARACTEmSf iCS (Ta = 25 ±5°C, Vcc = 6V ±0.25V, Vpp = 21V ±0.5) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ias 

Address Setup Time 

- 

2 

- 

- 

US 

Iah 

Address Hold Time 

- 

2 

- 

- 

US 

tcES 

CE Setup Time 

— 

2 

— 

— 

US 

tCEH 

CE Hold Time 

- 

2 

- 

— 

US 

tOES 

OE Setup Time 

- 

2 

- 

— 

US 

lOEH 


- 

2 

- 

- 

US 

Ids 

Data Setup Time 

- 

2 

IHBIIIH 


US 

tPH 

Data Hold Time 

- 

2 

- 

- 

US 

tvs 

Vpp Setup Time 

- 

2 

- 

— 

US 

tpw 

Initial Program Pulse Width 

CE=V,l.OE = V,h 

0.95 

1 

1.05 

ms 

topw 

Overprogram Pulse Width 

Note 1 

0.95 

1 

21 

ms 

tov 

CE to Output Valid 

_i 

> 

II 

|LU 

lo 

- 

- 

1 

US 

tOFI 

CE to Output in High-Z 

OE = V,L 

- 

- 

150 

ns 
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TC57256D-20 

TC57256D-25 


A.C. TEST CONDITIONS 

Output Load 

Input Pulse Rise and Fall Times 
Input Pulse Levels 

Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10 ns Max. 

0.45 ~ 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note 1: The length of the overprogram pulse may vary as function of the counter value X. 


TIMING WAVEFORMS (PROGRAM)" 
(Vcc = 6V ± 0.25V, Vpp = 21V ± 0.5V) 



Note; (1) Vqq must be applied simultaneously with or before Vpp and cut off simultaneously with or after Vpp. 

(2) Removing the device from socket and setting the device in socket with Vpp=21 V may cause permanent 
damage to the device. 

(3) The Vpp supply voltage is permitted up to 22V for program operation; voltages over 22V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not exceed 22V. 
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TC57256D-25 


ERASURE CHARACTERISTICS 

The TC57256D’s erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength of 
2537A (Angstroms) through the chips transparent 
window. 

The integrated dose (ultraviolet light intensity 
[w/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [w-sec/cm^j 

When the Toshiba GL-15 sterilizing lamp is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 


And using commercial lamps with an ultraviolet light 
intensity of 12000 [juw/cm^j will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 liiw/cm^j X (20X60) [sec] ^ 15 
[w- sec/cm*].) 

The TC57256D’s erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
Both sunlight and flourescent lamps include 
3000~4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, opaque seals-Toshiba EPROM Protect Seal 
AC901-are available 


OPERATION INFORMATION 

The TC57256D's six operation modes are listed by applying TTL level signal to all inputs, 
in the following table. Mode selection can be achieved 


^ -EliTNAf^S (NUMBER) 

MODE ^_ 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oq ~ O 7 

(11 ~13, 15-19) 

POWER 

Read Operation 
(Ta = -40 ~ 85°C) 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

« 

H 

High Impedance 

Active 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta = 25 ±5°C) 

Program 

L 

H 

21V 

6V 

Data In 

Active 

Program'inhibit 

H 

* 

High Impedance 

Active 

Program Verify 

L 

L 

Data Out 

Active 


Note: H; VIH, L; V| * ; Vn-j or V|l 


READ MODE 

The TC57256D has two control functions. The chip 
enable (CE) controls the operation power and should 
be used for device selection. 

The output enable (OE) controls the output buffers, 
independent of device selection. 

Assuming that CE=OE=V|i_, the output data is valid 


at the outputs after the address access, time from 
stabilizing of all addressess. 

The CE to output valid (tcE) time is equal to the 
address access time (tACC)- 
Assuming that CE=V|i_ and all addresses are valid, 
the output data is valid at the outputs after tQE from 
the falling edge of CE. 
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TC57256D-20 

TC57256D-25 


OUTPUT DESELECT MODE 

With CE=V|h or OE=V|h, the outputs will be in high 
impedance state. 

Therefore two or more TC57256D’s can be connected 


STANDBY MODE 

The TC57256D has a low power standby mode 
controlled by the CE signal. 

By applying a high level to the ^ input, the 
TC57256D is placed in the standby mode which 


PROGRAM MODE 

Initially, when received by customers, all bits of the 
TC57256D are in the “1” state which is the erased 
state. 

The programming operation introduces “Os" data 
into the desired bit locations by electrical program¬ 
ming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage]-1-21V) 
is applied to Vpp terminal, a high level CE input 
inhibits the TC57256D from being programmed. 

Programming two or more TC57256D’s in parallel 
with different data is easily accomplished: All inputs 


HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using a high speed programming mode. The device is 
set up in the high speed programming mode. The 
device is set up in the high speed programming mode 
when the programming voltage (-1-21V) is applied to 
the Vpp terminal with Vcc=6V. 

Programming is achieved by applying a single TTL 
low level 1 ms pulse to the CE input after addresses 
and data are stable. Then the programmed data is 
verified in the Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and the programmed 


together on a common bus line. 

When ^ is decoded for device selection, all 
deselected devices are in low power standby mode. 


reduces the operating current to lOOjuA. The outputs 
will be in a high impedance state, independent of the 
OEinputs. 


The TC57256D is in the programming mode when 
the Vpp input is at 21V and CE is at TTL-Low OE=V|h. 

The TC57256D can be programmed at any location, 
anytime — either individually, sequentially or at ran¬ 
domly. 


The verify is accomplished with OE and CE at V||_. 


except for CE may be commonly connected, a TTL low 
level program pulse is applied to the CE of the 
desired device only, and TTL high level signal is 
applied to the other devices. 


data is verified. This should be repeated until the 
program operates correctly (max. 20 times). 

After correctly programming the selected address, 
an additional program pulse with a width equal to that 
needed for initial programming is applied. 

When programming has been completed, the data 
in all addresses should be verified with Vqq=Vpp=5V. 

This high speed program algorithm allows the 
programming of the TC57256D to be accomplished 
within one and a half minutes (typ.) 
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HIGH SPEED PROGRAM MODE FLOW CHART 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read from the 
TC57256D which identifies its manufacture and device 
type. 

The programming equipment may be used to read the 
manufacturer code and device code from the TC57256D by 
using this mode before program operation and automatically 
set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to 


address line Ag and the rest of address lines are set to Vjl 
in read operation. Data output under these conditions is the 
manufacturer code. Device code is identified when address 
Ag is set to Vjh. These two codes possess an odd parity 
with the parity bit of MSB (O 7 ). 

The following table shows electric signature of TC57256D. 


PINS 

Ao 

SIGNATURE^^^ 

(10) 

Manufacture Code 

V|L 




0; 

Oe 

O 5 

O 4 

O 3 

O 2 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

1 

0 

0 

1 

1 

0 































TOSHIBA 


MOS MEMORY PRODUCT 

TG5725eA0-15 
TC57256AD-20 

I DESCRIPTION! 

The TC57256AD is a 32,768 word X 8 bit CMOS ultraviolet light erasable and electrically programmable read only memory. For 
read operation, the TC57256AD s access time is 150ns. The TC57256AD operates from a single 5-volt power supply and has a low 
power standby mode which redu ces power dissipation without increasing access time. The standby mode is achieved by applying a 
TTL-high level signal to the CE input. Advanced CMOS technology reduces the maximum active current to 40mA/6.7MHz and the 
standby current to 100/iA. For program operation, the programming is achieved by using the high speed prgramming mode. The 
TC57256AD is fabricated using CMOS technology and N-channel silicon double layer gate MOS technology. 


Ifeaturesi 

• Peripheral circuit: CMOS 

Memory cell : N-MOS 

.* Low power dissipation 
Active ; 40mA/6.7MHz 
Standby: lOOyA 

• Fast access time: 

TC57256AD-15 150ns 

TC57256AD-20 200ns 

IpIN CONNECflM] (TOP VIEW) 


Vppc 


28 

□ 

Vcc 

A12C 

2 

27 

3 

A14 

A7C 

3 

26 

3 

A13 

A6C 

4 

25 

3 

A8 

A5 C 

5 

24 

3 

A9 

A4II 

6 

23 

3 

All 

A3C 

7 

22 

3 

OE 

A2C 

8 

21 

3 

AlO 

AlC 

9 

20 

3 

cE 

AOC 

10 

19 

3 

07 

ooC 

11 

18 

3 

06 

oiC 

12 

17 

3 

05 

02 C 

13 

16 

3 

04 

ondC 

14 

15 

3 

03 


• Single 5V power supply 

• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with ROMs TC53257P and 
TMM23256P, TMM27256AD and TC57256AD 

• Standard 28 pin DIP cerdip package 

IBLOCK DIAGI^ 


’'^PP OND Vco 00 01 02 03 04 05 06 07 



PIN NAMES1 

Imode selection! 

AO A14 

Address Inputs 


CE 


Vpp 

vcc 

0o~07 

POl'lER 

Oo~07' 

Outputs (Inputs) 

MODE 

(20) 

(22) 

(1)- 

12^ 

(11'\'13, 15^-19) 


Chip Enable Input 

Read 

L 

L 



Data Out 

Active 


Output Enable Input 

Output Deselect 

* 

H 

5V 

5V 

High Impedance 

Vpp 

Program Supply 

Standby 

H 

* 



High Impedance 

Standby 

Voltage 

Program 

L 

H 



Data In 


vcc 

VCC Supply Voltage 

Program Inhibit 

H 

H 

12.5V 

6V 

High Impedance 

Active 

(+5V) 

Program Verify 

* 

L 



Data Out 


GND 

Ground 

* H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

VcC Power Supply Voltage 

-O.B'v- 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6'v lA.O 

V 

ViN 

Input Voltage 

-0.6'\. 7.0 

V 

Vl/0 

Input/Output Voltage 

-0.6 Vcc+0.5 

V 

Pd 

Power Dissipation 

1.5 

W 

tsolder 

Soldering Temperature Time 

260 • 10 

“C • sec 

TsTRG 

Storage Temperature 

-65'V 125 

°C 

ToPR 

Operating Temperature 

-40 -v- 85 

°C 


READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+0.3 

V 

VIL 

Input Low Voltage 

-0.3 

- 

0.8 

vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

Vpp 

Vpp Power Supply Voltage 

Vcc-0.6 

Vcc 

Vcc+0.6 


D.C. and OPERATING CHARACTERISTICS (Ta=-AO'v. 85”C, Vcc=5V±5%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

ViN=OV'vVcc 

- 

- 

o 

41 

uA 

TCCOI 

Operating Current 

ce:=ov 

f=6.7MHz 

- 

- 

40 

mA 

TcC02 

Xq^iji^OidA 

f=lMHz 

- 

- 

10 

TCCSI 

Standby Current 

CE=Vih 

- 

- 

1 

mA 

TcCS2 . 

CE=Vcc-0. 

2V 

- 

- 

100 

UA 

Vqh 

Output High Voltage 

IOH=~^00uA 

2.4 

- 

- 

V 

Vql 

Output Low Voltage 

ToL'^^ • 1mA 

- 

- 

0.4 

V 

PPPI 

Vcc Current 

Vpp=Vcc ± 

0.6V 

- 

- 

±10 

yA 

Plo 

Output Leakage Current 

VoUT=0 • ^V 'V Vcc 

- 

- 

±10 

uA 
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TC57256AD-15 

TC57256AD-20 


A.C. CHARACTERISTICS (Ta=-AO 'v- 85°C, Vcc=5V±5%, Vpp=Vcc±0.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC57256AD-15 

TC57256AD-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

'^ACC 

Address Access Time 

CE=OE=Vil 

- 

150 

- 

200 

ns 

‘^CE 

CE to Output Valid 

OE=Vil 

- 

150 

- 

200 

*^OE 

OE to Output Valid 

^=ViL 

- 

70 

- 

70' 

*^DF1 

CE to Output in High-Z 

OE=Vil • 

0 

60 

0 

60 

^DF2 

OE to Output in High-Z 

CE=Vil 

0 

60 

0 

60 

^OH 

Output Data Hold Time 

CE=OE=Vil 

0 

- 

0 

- 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cl=100pF 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V'''2.4V 

• Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 


CAPACITANCE *(Ta=25“C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN=0V 

- 

4 

6 

pF 

^OUT 

Output Capacitance 

VoUT=0V 

- 

8 

12 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 
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PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+1.0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 


D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6V ± 0.25V, Vpp=12.5V ± 0.5V) 


SYMBOL 

PARAMETER 

TESTCONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

ViN=0'\. Vcc 

- 

- 

±10 

UA 

VOH 

Output High Voltage 

IOH=“A00uA 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

IoL= 2.1mA 

- 

- 

0.4 

V 

ICC 

Vcc Supply Current 

- 

- 

- 

40 

mA 

IPP2 

Vpp Supply Current 

Vpp=13.0V 

- 

- 

50 

mA 

ViD 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6V± 0.25V, Vpp=12.5V± 0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

iSi 

tAH 

Address Hold Time 

- 

2 

- 

- 

us 

tCES 

CE Setup Time 

- 

0 

- 

- 

ns 

tCEH 

CE Hold Time 

- 

0 

- 

- 

ns 

tOES 

OE Setup Time 

- 

2 

- 

- 

us 

CDS 

Data Setup Time 

- 

2 

- 

- 

us 

tDH 

Data Hold Time 

- 

2 

- 

- 

US 

tVPS 

Vpp Setup Time 

- 

2 

- 

- 

us 

tvcs 

Vcc Setup Time 

- 

2 

- 

- 

us 

tpw 

Initial Program Pulse Width 

CE=Vil, OE=Vih 

0.95 

1 

1.05 

ms 

tOPW 

Overprograra Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

tOE 

OE to Output Valid 

CE=Vih 

- 

- 

150 

ns 

tDFP 

OE to Output in High-Z 

CE=Vih 

- 

- 

130 

ns 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cl (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels ‘ 0.45V'v2 4V 

• Timing Measurement Reference Level : Input 0.8V and 2.2V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 


— D-76 — 




































































































































TC57256AD-15 

TC57256AD-20 


TIMING WAVEFORMS (PROGRAM) 

(Vj,(,=6V±0.25V, Vpp=12.5V±0.5V) 



Note: (1) Vcc must be applied simultaneously with or before Vpp and cut off simultaneously with or after 
Vpp. 

(2) Removing the device from the socket or placing the device in the socket with Vpp=12.5V may 
cause permanent damage to the device. 

(3) The Vpp supply voltage is permitted up to 14V for program operation; voltages over 14V should 
not be applied to the Vpp terminal. When a switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of the pulse should not exceed 14V. 
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[ERASURE CHARACTER I STICSl 

The TC57256AD’s erasure is achieved by applying shortwave ultraviolet light with a wavelength of 2537A (Angstroms) through 
the transparent window of the chip. 

The integrated dose (ultraviolet light intensity [w/cm*] X exposure time [sec.]) for erasure should be a minimum of 15 
[w sec/cm*]. 

When the Toshiba GL-15 sterilizing lamp is used and the device is exposed at a distance of 1 cm from the lamp surface, erasme will 
be achieved within 60 minutes. 

Using a commercial lamp with an ultraviolet light intensity of 12000 [/iw/cm*] reduces the exposure time to about 20 minutes. (In 
this case, the integrated dose is 12000 [p.w/cm*] X (20X60) [sec| ^ 15 [w- sec/cm*].) 

The TC57256AD’s erasure begins to occur when exposed to light with wavelengths shorter than 4000A. Both sunlight and 
flourescent lamps include 3000~4000A wavelength components. Therefore when used under such lightingfor extended periods of 
time, opaque seals-Toshiba EPROM Protect Seal AC901-are available 


[OPERATION information] 

The TC57256AD's six operation modes are listed in the follovd.ng table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 


-—___PIN NAMES (NUMBER) 

MODE --—_ 

CE 

(20) 

(22) 

Vpp 

(1) 

vcc 

(28) 

Oo '^07 

(ll'v 13, 15 19) 

POWER 

Read Operation 
(Ta=-40'b 85°C) 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta=25 ± 5°C) 

Program 

L 

H 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

* 

L 

Data Out 


Note: H; Vih, L; Vjl, *; V^h or Vjl 


READ MODEI 

The TC57256AD has two control functions. The chip enable (CE) controls the operation power and should be used for device 
selection. 

The output enable (OE) controls the output buffers, independent of device selection. 

Assuming that CE=OE=Vil, the output data is valid at the outputs after address access time from stabilizing of all addressess. 
The CE to output valid (tcE) is equal to the address access time (tACC)- 

Assuming that CE =Vil and all addresses are valid, the output data is valid at the outputs after tQE from the falling edge of OE. 


[OUTPUT DESELECT M0DE[ 

With CE =ViH or OE =Vih, outputs will be in high impedance state so two or more TC57256AD’s can be connected together on a 
common bus line. 

When CE is decoded for device selection, all deselected devices are in low power standby mode. 
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(standby mo^ 

The TC57256AD has a low po wer s tandby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC57256AD is placed in the standby mode which reduces the operating 
current to lOO/iA. The outputs are in a high impedance state, independent of the OE inputs. 


[PROGRAM mode] 

Initially, when received by customers, all bits of the TC57256AD are in the “1” state, which is the erased state. 

The programming operation introduces “Os” data into the desired bit locations by electrical programming. _ 

The TC57256AD is in the programming mode when the Vpp input is at 12.5V and CE is at TTL-Low under OE=Vjfj. 
The TC57256AD can be programmed at any location, anytime, either individually, sequentially or randomly. 


[PROGRAM VERIFY MODE! 

The verify mode verifies that th e de sired data is correctly programmed on the programmed bits. 
The verify is accomplished with OE at Vjl. 


[PROGRAM INHIBIT M0DE[ 

Under the condition that the program voltage (+12.5V) is applied to Vpp terminal, a high level CE input inhibits the 
TC57256AD from being programmed. 

Programming of two or more TC57256AD’s in parallel with different data is easil y ac complished: all inputs except for CE 
and OE are commonly connected, a TTL low level program pulse is applied to the CE of the desired device only, and TTL 
high level signals are applied to the other devices. 


[HIGH SPEED PROGRAMMING MODEj 

The program time can be greatly reduced by using this high speed programming mode. The device is set up in the high 
speed programming mode when the programming voltage (+12.5V) is applied to the Vp p terminal with V 0 Q= 6 V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE input after addresses and data are 
stable. The programmed data is then verified by using the Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and the programmed data is verified. This 
should be repeated until the programmed data is correct, (max. 25 times) 

After correctly programming the selected addresses, an additional program pulse with a width of 3 times more than that 
needed for initial programming is applied. 

When programming has been completed. Data in all addresses should be verified with Vcc=Vpp=5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 








START 

ADDRESS = 
START ADDRESS 


Vqc “ 6V 

r~ 


Vpp = 1 2.5 V 



X -= 0 


PROGRAM Ims PULSE 


X-=X+1 



OVERPROORAM 3X PULSES OF Imsec 
OR ONE PULSE OF 3X msec DURATION 



Vcc = 50V 
Vpp = 5.0 V 
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ELECTRIC SIGNATURE M0DE1 


Electric signature mode allows a code to be read from the TC57256AD which identifies its manufacture 
and device type. 

The programming equipment may be used to read the manufacturer code and device code from the 
TC57256AD by using this mode before program operation, and automatically set program voltage (Vpp) and 
algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of address lines are 
set to VjL in read operation. Data output under these conditions is the manufacturer code. Device code is 
identified when address AO is set to Vjh. These two codes possess an odd parity with the parity bit of MSB 

(07)- 

The following table shows the electric signature of the TC57256AD. 


PINS 

SIGNATURE 

AO 

(10) 

07 

(19) 

06 

(18) 

05 

(17) 



BBB 

Si 

00 

(11) 

HEX. 

DATA 

Manufacture Code 

ViL 

IB 

0 

0 

B 

B 

0 

0 

0 

98 

Device Code 

VIH 

a 

B 

0 

0 

0 

B 

0 

0 

C4 


Notes: A9=12V±0.5V 

Al'V'AS, A10'^A14, CE, OE=Vjl 
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OUTLINE DRAWINGS 


Unit in mm 





Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their true longitudinal position with respect No.l and No.28. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PROOUCT 


65,536 WORD X 8 BIT N-MOS UV ERASABLE AND EL¬ 
ECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
PRELIMINARY 


TMM27512D-20 JMM27512D-200 
TMM27512D-25,TI\/IM27512D-250 


DESCRIPTION 


The TMM27512D is a 65,536 word X 8 bit ultraviolet 
light erasable and electrically programmable read memory. 

For read operation, the TMM27512D’s access time is 
200ns/250ns. The TMM27512D operates from a single 5- 
volt power supply and has a low power standby mode which 


reduces power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level 
signal to the CE input. For program operation, the pro¬ 
gramming is achieved by using the high speed prgramming 
mode. The TMM27512D is fabricated with N-channel 
silicon double layer gate MOS technology. 


FEATURES 



-20 

-25 

-200 

-250 

Vcc 

5V±5% 

5V±10% 

tACC 

200 ns 

250ns 

200 ns 

250ns 

ICC2 

120mA 

130mA 

Icci 

35mA 

40mA 


• Full static operation 

• Fligh speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with i2751 2 

• Standard 28 pin DIP cerdip package 


PIN CONNECTION (TOP VIEW) 



PIN NAMES 


Ao Aj 5 

Address Inputs 

0o~07 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE/Vpp 

Output 

^Program 


Enable / 

Supply 


Input/ 

Voltage 

Vcc 

Power Supply Voltage ( + 5V) 

GND 

Ground 


BLOCK DIAGRAM 


Vpp ODD V,jQ 00 01 02 03 04 05 06 07 



MODE SELECTION 


PIN 

MODE 

CE 

( 20 ) 

OE/ 

Vpp 

( 22 ) 

Vcc 

(28) 

Oo O 7 

(11-13, 15-19) 

POWER 

Read 

L 

L 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

Vpp 

6 V 

Data In 

Active 

Program Inhibit 

H 

Vpp 

High Impedance 

Program Verify 

L 

L 

Data Out 


* H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

Vi/o 

Input/Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1 .5 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

"C'sec 

PSTG 

Storage Temperature 

-65-125 

■c 

Topr 

Operating Temperature 

0-70 

“C 


READ OPERATION 

D. C. AND RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27512D-20/25 

TMM27512D-200/250 

Ta 

Operating Tamperature 

0~70-C 

0~70'C 

Vcc 

Vcc Power Supply Voltage 

5V±5% 

5V± 10% 


D C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Current 

< 

z 

II 

O 

1 

O 

- 

- 

±10 

aA 

Ilo 

Output Leakage Current 

Vout=0.4— Vcc 

- 

B 

±10 

aA 

Icci 

Supply Current (Standby) 

< 

I 

-20125 

- 

B 

35 

mA 

-200/250 

- 

- 

40 

lcC2 

Supply Current (Active) 

CE = Vil 

-20/25 

- ■ 

- 

120 


-20/250 

- 

- 

130 

ViH 

Input High Voltage 

- 

2.0 

- 



VlL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

VoH 

Output High Voltage 

loH= —400//A 

2.. 4 


- 


VoL 

Output Low Voltage 

Iol=2. 1 mA 

- 

- 

0.4 


IPPI 

Vpp Current 

Vpp=0—Vcc+0.6 

- 

- 

±10 

aA 
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A. C; CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM27512D-20/200 

TMM27512D-25/250 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

200 

- 

250 

ns 

tCE 

CE to Output Valid 

- 

200 

- 

250 

ns 

tOE 

OE to Output Valid 

- 

70 

- 

100 

ns 

tOFl 

CE to Output in High-Z 

0 

60 

0 

90 

ns 

tDF2 

OE to Output in High-Z 

0 

60 

0 

90 

ns 

ton 

Output Data Hold Time 

0 

_ 

0 

- 

ns 


A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 
c Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl= lOOpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta = 25-C. f=1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiNl 

Input Capacitance 

< 

z 

II 

O 

< 

j 

- 

4 

6 

PF 

ClN2 

OE/Vpp Input Capacitance 

> 

o 

II 

z 

> 

- 


60 


COUT 

Output Capacitance 

VouT=OV 

- 

8 

12 

pF 


* This paramater is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDifib 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input Fligh Voltage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

■■1 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 



D. C. and OPERATING CHARACTERISTICS (Ta=25±5-C, Vcc=6V±0.25V, Vpp=12.5V±o.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 





III 

Input Current 

II 

o 

< 

o 

n 


- 

±10 


VoH 

Output High Voltage 

l0H= —400;t/A 


- 

- 


VoL 

Outpu Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

■DU 

Icc 

Vcc Supply Current 

- 

- 

- 

130 

mgm 

IPP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 

mA 

ViD 

A9 Auto Select Voltage 

- 

11.5 



V 


A. C. PROGRAMMING CHARACTERISTICS ''"(Ta = 25±5‘C, Vcc = 6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 



MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

AS 

tAH 

Address Hold Time 

- 

2 

- 

- 

AS 

tOES 

OE/Vpp Setup Time 

- 

2 

- 

- 

AS 

tOEH 

OE/Vpp Hold Time 

- 

2 

- 

- 


tPRT 

OE/Vpp Pulse Rise Time 

- 


- 

- 

AS 

Ids 

Data Setup Time 

- 

2 

- 

- 

AS 

tOH 

Data Hold Time 

- 

2 

- 

- 

AS 

tVR 

OE/Vpp Recovery Time 

- 

2 

- 

- 

AS 

tvcs 

Vcc Setup Time 

- 

2 

- 

- 

AS 

tPW 

Initial Program Pulse Width 

^=ViL, OE/Vpp=Vpp 

0.95 

1 

1.05 

ms 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

tov 

Data Valid from CE 

OE/Vpp=ViL 

Si 

- 

1 

AS 

top 

CE to Output in High-Z 

^/VPP = V1L 


- 

130 

ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note 1: The length of the overprogram pulse may vary as a function of the counter value X. 
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TIMING WAVEFORMS (PROGRAM) 
(Vcc = 6V±0.25V, VPP = 12.5V±0.5V) 



Note: (1) Vqc must be applied simultaneously with or before Vpp and cut off simultaneously with or after Vpp. 

(2) Removing the device from the socket and setting the device in the socket with Vpp=12.5 V may cause permanent 
damage to the device. 

(3) The Vpp supply voltage is permitted up to 14V for program operation; Voltages over 14V should be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not exceed 14V. 
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ERASURE CHARACTERISTICS 

The TMM27512D’s erasure is achieved by applying 
shortwave ultraviolet light with a wavelength of 2537A 
(Angstroms) through the transparent window of the chip. 

The integrated dose (ultraviolet light intensity [w/cm*] X 
exposure time [sec.)) for erasure should be a minimum of 
15 [wsec/cm^]. 

When the Toshiba GL-15 sterilizing lamp is used and the 
device is exposed at a distance of 1cm from the lamp 
surface, erasure will be achieved within 60 minutes. 

Using a commercial lamp with an ultraviolet light inten- 

OPERATION INFORMATION 

The TI\/1M2751 2D's six operation modes are list¬ 
ed in the following table. 


sity of 12000 [jaw/cm*] reduces the exposure time to about 
20 minutes. (In this case, the integrated dose is 12000 
(jaw/cm^l X (10X60) [sec] ^ 15 [w • sec/cm^j.) 

The TMM27512D’s erasure begins to occur when ex¬ 
posed to light with wavelengths shorter than 4000A. Sun¬ 
light and flourescent lamps both include 3000~4000A 
wavelength components. Therefore when used under such 
lighting for extended periods of time, opaque seals-Toshiba 
EPROM Protect Seal AC901-are available 


Mode selection can be achieved by applying TTL 
level signal to all inputs. 


- PIN NAMES(NUMBER) 

MODE ' ---- 

(20) 

OE/VPP 

(22) 

Vcc 

(28) 

Oo~07 

(1 1 ~13, 15-19) 

POWER 

Read Operation 

(Ta = 0~70-C) 

Read 

L 

L 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Active 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta = 25±5’C) 

Program 

L 

Vpp 


Data In 


Program Inhibit 

H 

Vpp 

High Impedance 

Active 

Program Verify 

L 

L 

Data Out 

Active 


Note : H ; Vih, L ; Vil, * ; Vih or Vil 


READ MODE 

The TMM27512D has two control functions. The chip 
enable (CE) controls the operation power and should be 
used for device selection. 

The output enable (OE) controls the output buffers, 
independent of device selection. 

Assuming that CE=OE=Vil, the output data is valid at 
the outputs after address access time from stabilizing of all 

OUTPUT DESELECT MODE 

With CE=Vm or OE=Vijj, outputs will be in a high 
impedance state, so two or more TMM27512D’s can be 


addressees. 

The CE to output valid (tQp;) is equal to the address 
access time (tACC)* 

Assuming that CE=Vjl, and all addresses are valid, the 
output data is valid at the outputs after tQE from the falling 
edge of OE. 


connected together on a common bus line. 

When CE is decoded for device selection, all deselected 
devices are in low power standby mode. 
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STANDBY MODE 

The TMM275 12D has a low power standby mode 
controlled by the CE signal. 

By applying a high level to the CE input, the TMM27512D 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27512D are in the “1” state which is the erased state. 
The programming operation introduces “Os” data into the 
desired bit locations by electrical programming. 

PROGRAM VERIFY MODE 

The verify mode verifies that desired data is correctly 
programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12.5V) is 
applied to Vpp terminal, a TTL high level CE input inhibits 
the TMM27512D from being programmed. 

Programming of two or more TMM27512D’s in parallel 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this 
high speed programming mode. 

This high speed programming mode is performed at 
Vcc~6.0V and OE/Vpp=12.5V 

The programming is achie ved by applying a single TTL 
low level 1ms pulse to the CE input after addresses and 
data are stable. The programmed data is then verified by 
using the Program Verify Mode. 

If the programmed data is not correct, another program 


is placed in the standby mode which reduces 70% of the 
operating current The outputs are in a high impedance 
state, independent of the OE inputs. 


The TMM27512D is in the p rogr amming mode when the 
OE/Vpp input is at 12.5V and CE is at TTL-Low level 
The TMM27512D can be programmed at any location, 
anytime, either individually, sequentially or at random. 


The verify is accomplished with OEA^pp at Vjl and at 
CE at VjL. 


with different data is easily accomplished: all inputs except 
for CE are commonly connected, a TTL Low level program 
pulse is applied to the CE of the desired device only, and 
TTL high level signals are applied to the other devices. 


pulse of 1ms is applied and the programmed data is 
reverified. This should be repeated until the programmed 
data is correct (max. 25 times) 

After correctly programming the selected address, an 
additional program pulse with width 3 times that needed for 
initial programming is applied. 

When programming has been completed, the data in all 
addresses should be verified with Vqc=5V. 


— D-89 



TIVIIVI27512D-20, TIVIM27512D-200 
TIVIIVI27512D-25, TIVIIVI27512D-250 


HIGH SPEED PROGRAM MODE FLOW CHART 


^ START ^ 


ADDRESS = 
NEXT ADDRESS 



OVERPROQRAM 3X PULSES OP Imeec 
OR ONE PULSE OP 3X msec DURATION 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read from the 
TMM27512D which identifies its manufacture and device 
type. 

The programming equipment may be used to read out the 
manufacturer code and device code from the TMM27512D 
by using, this mode before program operation and automa¬ 
tically set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to 


address line A9 and the rest of address lines are set to Vjl 
in read operation. Data output under these conditions is the 
manufacturer code. Device code is identified when address 
AO is set to ViH- These two codes possess an odd parity 
with the parity bit of MSB (07). 

The following table shows electric signature of the 
TMM27512D. 




0, 

Oe 

■'0, 

0, 

O3 

0 ^ 



HEX. 



(19) 

(18) 

(17) 

(16) 

(15) 

(13) 



DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 



98 

Device Code 

ViH 

0 

0 

_1 

0 

1 

0 

1 

0 


15 


Notes: A9 = 12V±0,5V 


A1~A8, A10~A15,CE, OE = Vil 
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OUTLINE DRAWINGS 


Unit in mm 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.l and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in milimeters. 


Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

C May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 


65,536 WORD X 8 BIT N-MOS UV ERASABLE AND EL¬ 
ECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
PRELIMINARY 


TMM27512DI-20 

TMM27512DI-25 


DESCRIPTION 


The TMM27512DI is a 65,536 word X 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. 

For read operation, the TMM27512DFs access time is 
200ns/250ns. The TMM27512DI operates from a single 5- 
volt power supply and has a low power standby mode which 
reduces power dissipation without increasing access time. 


The standby mode is achieved by applying a TTL-high level 
signal to the CE input 

For program operation, the programming is achieved by 
using the high speed prgramming mode. TMM27512DI is 
fabricated with N-chaimel silicon double layer gate MOS 
technology. 


FEATURES 



-15 

-20 

Vcc 

5V±5% 1 

tACC 

1 50ns 

1 200ns 1 

ICC2 

120mA 

Icci 

35mA 


PIN CONNECTION (TOP VIEW) 



• Wide operating temparature range -40~85°C 

• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with i2751 2 

• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM 


Vpp OND V(;c 00 01 02 03 04 05 06 07 



PIN NAMES 


Ao"“ Ai5 

Address Inputs 

Oo O 7 

Outputs (Inputs) 

CE" 

Chip Enable Input 

^/Vpp 

Output 

/ Program 


Enable / 

Supply 


Input / 

Voltage 

Vcc 

Power Supply Voltage ( + 5V) 

GND 

Ground 


MODE SELECTION 


PIN 

MODE 

CE 

(20) 

OE/ 

Vpp 

(22) 

Vcc 

(28) 

Oo~07 

(11-13, 15-19) 

POWER 

Read 

L 

L 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

♦ 

High Impedance 

Standby 

Program 

L 

Vpp 

6 V 

Data In 

Active 

Program Inhibit 

H 

Vpp 

High Impedance 

Program Verify 

L 

L 

Data Out 


* H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

Vi/o 

Input/Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

'C-sec 

PSTG 

Storage Temperature 

-65-125 

•c 

Topr 

Operating Temperature 

-40-85 

•c 


READ OPERATION 

D. C. AND RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27512DI-20/25 

Ta 

Operating Temperature 

-40-85'C 

Vcc 

Vcc Power Supply Voltage 

5V±5% 


D. C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

< 

z 

II 

o 

t 

< 

n 

o 

- 

- 

±10 

aA 

Ilo 

Output Leakage Current 

Vout= 0.4—Vcc 

- 

- 

±10 

aA 

lcci 

Supply Current (Standby) 

< 

I 

- 

_ 

40 

mA 

Icc 2 

Supply Current (Active) 

CE=Vil 

- 

- 

130 

mA 

ViH 

Input High Voltage 

- 

2.2 

- 

Vcc+1.0 


ViL 

Input Low Voltage 

- 

-0.3 

- 

0.8 


VOH 

Output High Voltage 

loH= — 400;uA 

m 

- 

- 

V 

VoL 

Output Low Voltage 

Iol= 2.1 mA 

- 

- 

0.4 

V 

IPPI 

Vpp Current 

Vpp= 0—Vcc+0.6 

- 

- 

±10 

aA 
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TMIVI27512DI-25 


A. C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM27512DI-20 

TMM27512DI-25 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

200 


250 

ns 

tCE 

CE to Output Valid 

- 

200 


250 


tOE 

OE to Output Valid 

- 

70 

- 

100 

ns 

tDF1 

CE to Output in Fligh-Z 

0 

60 

0 

90 

ns 

tDF2 

OE to Output in High-Z 

0 

60 

0 

90 

ns 

tOH 

Output Data Hold Time 

0 

- 

0 

. 

ns 


A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

o Timing Measurement Reference Level 


1 TTL Gate and Cl= 10OpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta = 25‘C, f=1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiNl 

Input Capacitance 

> 

O 

II 

> 

- 

4 

6 

PF 

ClN2 

OE/Vpp Input Capacitance 

< 

II 

o 

< 

- 

50 

60 

PF 

COUT 

Output Capacitance 

Vout = OV 

- 

8 

12 

pF 


* This paramater is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MfN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS {Ta = 25±5"C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

111 

Input Current 

ViN=0~Vcc 

- 

- 

±10 

aA 

VoH 

Output High Voltage 

loH= —400//A 

ran 

- 

- 

V 

VoL 

Outpu Lo\v Voltage 

Iol= 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

130 

mA 

IPP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 

mA 

ViD 

A9 Auto Select Voltage 

- 

1 1.5 

12.0 

12.5 

V 


A. C. PROGRAMMING CHARACTERISTICS {Ta=25±5"C, Vcc=6V±0 25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

B 

MS 

tAH 

Address Hold Time 

- 

2 

- 

B 

MS 

tOES 

OE/Vpp Setup Time 

- 

2 

- 

- 

MS 

tOEH 

OE/Vpp Hold Time 

- 

2 

- 

- 

MS 

tPRT 

OE/Vpp Pulse Rise Time 

- 

50 

- 

- 

MS 

tos 

Data Setup Time 

- 

2 

- 

- 

MS 

tDH 

Data Hold Time 

- 

2 

- 

- 

MS 

tVR 

OE/Vpp Recovery Time 

- 

2 

- 

- 

MS 

tvcs 

Vcc Setup Time 

- 

2 

- 

- 

MS 

tpw 

Initial Program Pulse Width 

CE=Vil, OE/Vpp=Vpp 

0.95 

1 

1 .05 

ms 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

tDV 

Data Valid from CE 

OE/Vpp=Vil 

- 

- 

1 

MS 

tOF 

CE to Output in High-Z 

OE/Vpp=Vil 

- 

- 

130 

ns 


A. C. TEST CONDifIONS 


• Output Load 

o Input Pulse Rise and Fall Times 
o Input Pulse Levels 
9 Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note : 1. The length of the overprogram pulse may vary as a function of the counter value X. 
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TIVIIVI27512DI-20 

TIVIIVI27512DI-25 


TIMING WAVEFORMS (PROGRAM) 
(VCC = 6V±0.2SV, Vpp=12.5V±0.5V) 



Note : 1 . Vcc must be applieid simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. So the voltage over 14V should be 
aplied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERisfiCS 

The TMM27512Drs erasure is achieved by ap¬ 
plying shortwave „ultraviolet light which has a 
wavelegth of 2537A (Angstroms) to the Chip through 
the transparent window. Then integrated dose 
(ultraviolet light intensity [W/cm^] x exposure time 
[sec.] ) for erasure should be a minimum of 15 
[w'sec/cm^] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 

; dPERATION 

The TMM27512Drs six operation modes are 
listed in the following table. 


ultraviolet light intensity is a 12000 [;[/w/cm='] will 
reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 12000 [;/w/cm^] 
x(10x60) [sec] =15 [wsec/cm^] .) 

The TMM27512Drs erasure begins to occur 
when pxposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will 
include 3000~4000A wevelength components. 
Therefore when used under such lighting for 
extended periods of time, the opeque seals-Toshiba 
EPROM Protect Seal AC901-are available. 


Mode selection can be achieved by applying TTL 
level signal to all inputs. 


~~~—— NAMES(NUMBER) 

MODE —- 

(20) 

OE/Vpp 

(22) 

Vcc 

(28) 

0o~07 

(11-13, 15-19) 

POWER 

Read Operation 
(Ta=-40~85"C) 

Read 

L 

L 

5V 

Data Out 

Active 

Output Deselect 

♦ 

H 

High Impedance 

Active 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta = 25±5'C) 

Program 

L 

Vpp 

6 V 

Data In 

Active 

Program Inhibit 

H 

Vpp 

High Impedance 

Active 

Program Verify 

L 

L 

Data Out 

Active 


Note ; H ; Vih, L ; Vil, * : Vih or Vil 


["■READ^bbE"' 

The TMM27512DI has two control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. 

Assuming that CE = OE = Vil, the output data is 
valid at the outputs after address access time from 

OUTPUT DESELECT MODE 

Assuming that CE=Vih or OE=Vih, the outputs 
will be in a high impedance state. 

So two or more TMM27512Drs can be con- 


stabilizing of all addresses. 

The CE to output valid (tcs) is equal to address 
access time (tAcc). _ 

Assuming that CE=Vil and all addresses are 
valid, the output data is y^d at the outputs after toE 
from the falling edge of OE. 


nected together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27512DI has a low power standby 
mode controlled by the CE signal. _ 

By applying a high level to the CE input, the 
TMM27512DI is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM27512D1 are in the "1“ state which is 
erased state. 

Therefore the program operation is to introduce 
"O's" data into the desired bit locations by electrically 
programming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
12.5V) is applied to Vpp terminal, a TTL high level CE 
input inhibits the TMM27512DI from being pro¬ 
grammed. 

Programming of two or more TMM2751 2Drs is 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

This high speed programing mode is performed at 
Vcc = 6.0V and OE /Vpp= 12.5V 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduce 70% of the operating current by applying TTL- 
high level (Vcc) and then the outputs are in a high 
impedance state, independent of the OE inputs. 


The TMM2751 2DI is in the programming mode 
when the OE/Vpp input is at 12.5V and CE is at TTL- 
Low level. 

The TMM27512DI can be programmed any 
location at anytime either individually, sequentially, 
or at random. 


_^The verify is accomplished with OE/Vpp at Vil and 

CE at Vil. 


parallel with different data is easily accomplished. 
That is, all inputs except for CE may be commonly 
connected, and a TTL Low level program pulse is 
applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 


program pulse of 1 ms is applied and then the pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 3 
times that needed for initial programming is applied. 

When programming has been completd, the data 
in all addresses should be verified with Vcc=5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 



OVERPROORAM 3X PULSES OF Imsec 
OR' ONE PULSE OP 3X meec DURATION 


VERIFY 

OKJ-^- 

•" LAST 
v^DRESS^ 

T YES 

Vcc^&OV 


READ^^ ,.^ NO 
ALL BYTE.-''^^^* 


OK 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM2751 2DI which identifies its manufacturer 
and device type. 

The programming equipment may read out man¬ 
ufacturer code and device code from TMM2751 2DI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algor¬ 
ithm. 

Electric Signature mode is set up when 1 2V is 


applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM27512DI. 


PINS 

Ao 

0 ; 

0 . 

Os 

O4 

O3 

O3 

0 . 

0 „ 

HEX. 

SIGNATURE^^^^^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

Vil 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

Vih 

0 

0 

0 

1 

0 

1 

0 

1 

15 


Notes; A9 = 12V±0.'5V_ 

A1 -A8, A10~A15,CE, OE=Vil 
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OUTLINE DRAWINGS 


Unit in mm 



Note : 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in milimeters. 


Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are Implied, and Toshiba 
reserves the right, at any time without notice, to change said circuitry. 

* April, ig87 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 


1 MEGA BIT (131,072 WORD X 8 BIT) 

SILICON STACKED GATE MOS 
CMOS U.V. Erasable & Electrically 
Programmable Read Only Memory 


TC571000D-20, TC571000D-25 
TC571001D-20, TC571001D-25 


IdescriptionI 

The TC571000D/TC571001D is a 131,072 wordx 8 bit CMOS ultraviolet light erasable 
and electrically programmable read only memory. 

The TC571000D is JEDEC standard pin configuration and the TC571001D is compatible with 
28 pin IM bit Mask ROM. Both products are packed in 32 pin standard cerdip package. 

TC571000D/TC571001D is fabricated with the CMOS technology. Advanced circuit techniques 
provide both high speed and low power features with a maximum operating current of 30mA/ 
5.0MHz and access time of 200ns/250ns- 

The programming times of the TC571000D/TC571001D except overhead tines of EPROM program¬ 
mer is only 14 seconds by using the high speed programming algorithm. 


IFEATURESI 

• Peripheral circuit; CMOS 

Memory cell ; N-MOS 

• Fast access Time 

TC571000D-2C/TC571001D-20; 200ns 
TC571000D-25/TC571001D-25: 250ns 

• Low power dissipation 

Active ; 30iiiA/5 .OMHz 
Standby: lOOpA (Ta=85'’C) 

*, Single 5V power supply 

I PIN connection! (TOP VIEW) 



vpp [ 1 
OE" [ 2 
A15 [ 3 
A12 C 4 
A7 [ 5 
A6 [ 6 
A5 I 7 
A4 [ 
A3 [ 
A2 [ 
A1 C 
AO [ 
DO I 
D1 I 
D2 t 
OND [ 


32 ] VCC 
31 ] POT! 
30 ] KC 
29 ] A14 
28 ] A13 
27 ] A8 
26 I A9 
25 ] All 
24 ] A16 
23 ] AlO 
22 ] CE 

21 ] D7 
20 ] D6 
19 ] D5 
18 3 D4 
17 1 D3 


TC571000D 


TC571001D 


• Wide operating temperature range: -40'\^85°C 

• Full static operation 

• High speed programming operation: tp^,j 0.1ms 

• Input and output TTL compatible 

• JEDEC standard 32 pin: TC571000D 

• IM MROM compatible : TC571001D 

• Standard 32 pin DIP cerdip package 


(Reference) 



.IM Mask ROM. 
^TC531000P 


I PIN NAMES I 


AO A16 

Address Inputs 

D0'^D7 

Outputs (Inputs) 


Chip Enable 

Input 

oF 

Output Enable 
Input 

PGM" 

Program Control 
Input 

Vcc 

Vcc Supply 

Voltage 

Vpp 

Program Supply 
Voltage 

GND 

Ground 

NC 

No Connection 
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TC571001D-20, TC571001D-25 


Iblock diag^ 


OE 

CE 

PGM 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

AlO 

All 

A12 

A13 

A14 

A15 

A16 


Vpp GND Vqq 00 01 02 03 04 05 06 07 



I MODE SELECTION 


PIN 

MODE 

PGM 

CE 

OE 

'^PP 

^CC 

00 07 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 


Standby 

* 

H 

* 

High Impedance 

Standbv 

Program 

L 

L 

* 

12.75V 

6.25V 

Data In 

Active 

Program Inhibit 

* 

H 

A 

High Impedance 

H 

L 

H 

High Impedance 

Program Verify 

H 

L 

L 

Data Out 


* : H or L. 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

VcC Power Supply Voltage 

-0.6 'v- 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 'v. 14.0 

V 

ViN 

Input Voltage 

-0.6 7.0 

V 

^1/0 

Input/Output Voltage 

-0.6 V^Q+0.5 

V 

pd 

Power Dissipation 

1.5 

W 

^SOLDER 

Soldering Temperature Time 

260 • 10 

°C* sec 

■^SIRG 

Storage Temperature 

-65 125 

°C 

Topr 

Operating Temperature 

-40 a- 85 

°C 
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Iread operationI 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

VcC+0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

^CC 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

vpp 

Vpp Power Supply Voltage 

Vcc-0.6 

Vcc 

Vcc+0-6 


D.C. and OPERATING CHARACTERISTICS (Ta=-40'v.85°C, Vcc=5V±5%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

ViN=0 -v Vcc 

- 

- 

±10 

yA 

^CCOl 

Operating Current 


f=5.0MHz 

- 

- 

30 

mA 

ICC02 

f=lMHz 

- 

- 

10 

TCCSI 

Standby Current 

CE=Vih 

- 

- 

1 

mA 

TcCS2 

CE=Vcc-0.2V 

- 

- 

lOO 

yA 

VOH 

Output High Voltage 

IOH=-400pA 

2.4 

- 

- 

V 

'^OL 

Output Low Voltage 

I0L=2.1mA 

- 

- 

0.4 

V 


Vpp Current 

Vpp=VcciO•6V 

- 

- 

±10 

yA 

ILO 

Output Leakage Current 

VoUT=0.4V Vcc 

- 

- 

10 

yA 


A.C. CHARACTERISTICS (Ta=-40'\^85°C, Vcc=5V±5%, Vpp=Vcc±0.6V) 


SYMBOL 

PARAMETER 

TC571000D-20/TC571001D-20 

TC571000D-25/TC571001D-25 

Ui;iT 

MIN. 

MAX. 

MIN. 

TIAX. 

^ACC 

Address Access Time 

- 

200 

- 

250 

ns 

•^CE 

CE to Output Valid 

- 

200 

- 

250 

*^OE 

OE to Output Valid 

- 

70 

- 

100 

tPGM 

PGM to Output Valid 

- 

70 

- 

100 

^DFl 

CE to Output in High-Z 

0 

60 

0 

90 

^DF2 

OE to Output in High-Z 

0 

60 

0 

90 

tDF3 

PGM to Output in High-Z 

0 

60 

0 

90 

tOH 

Output Data Hold Time 

0 

- 

0 

- 


A.C. TEST CONDITIONS 


Output Load ; 1 TTL Gate and CL=100pF 

Input Pulse Rise and Fall Times : 10ns Max. 

Input Pulse Levels : 0.45V to 2.4V 

Timing Measurement Reference Level : Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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TC571000D-20, TC571000D-25 
TC571001D-20, TC571001D‘25 


CAPACITANCE * (Ta=25“C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN=0V 

- 

4 

8 

pF 

<^OUT 

Output Capacitance 

VouT=0V 

- 

10 

12 


* This parameter is periodically sampled is not 100% tested. 


TIMING WAVEFORMS (READ) 
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I HIGH SPEED PROGRAM OPERATION| 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViR 

Input High Voltage 

2.2 

- 

Vcc+1 -0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

^CC 

Vcc Power Supply Voltage 

6.00 

6.25 

6.50 

V 

pp 

Vpp Power Supply Voltage 

12.50 

12.75 

13.00 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=^-25±0.25V, Vpp=12.75±0.25v) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

^LI 

Input Current 

VlN=0 Vcc 

- 

- 

±10 

UA 

^OH 

Output High Voltage 

IoH““^DDvA 

2.4 

- 

- 

V 

^OL 

Output Low Voltage 

IOL=2.1inA 

- 

- 

0.4 

V 

^CC 

Vcc Supply Current 

- 

- 

- 

30 

mA 

Ipp2 

'^PP Supply Current 

Vpp=13.0V 

- 

- 

50 

mA 

^ID 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6.25±0.25V, Vpp=12.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

•^AS 

Address Setup Time 

- 

2 

- 

- 

ps 

•^AH 

Address Hold Time 

- 

2 

- 

- 

PS 


CE Setup Time 

- 

2 

- 

- 

PS 

*^CEH 

CE Hold Time 

- 

2 

- 

- 

PS 

^DS 

Data Setup Time 

- 

2 

- 

- 

ps 

^DH 

Data Hold Time 

- 

2 

- 

- 

. ps 

*^VS 

Vpp Setup Time 

- 

2 

- 

- 

ps 

‘^PW 

Program Pulse Width 

- 

0.095 

0.1 

0.105 

ms 

*^OE 

OE to Output Valid 

- 

- 

- 

100 

ns 

^DF2 

TiTT to Output in High-Z 

^=ViL 

- 

- 

90 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V and 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC571000D-20, TC571000D<25 
TC571001D-20, TC571001D-25 


HIGH SPEED PROGRAM OPERATION 

TIMING CHART 



Note: 1. must be applied simultaneously or before Vpp and cut off simul¬ 
taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.75V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, 
so the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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TC571000D-20, TC571000D-25 
TC571001D-20, TC571001D-25 


[ERASURE characteristics] 

The TC571000D/571001D's erasure is achieved by applying shortwave ultraviolet light 
which has a wavelength of 2537A (Angstroms) to the chip through the transparent 
window. Then integrated dose (Ultraviolet light intensity [W/cm^] x exposure time 
[sec.]) for erasure should be a minimum of 15 [W. sec/cm^]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis¬ 
tance of 1 cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [pW/cm^] 
will reduce the exposure time to about 20 minutes. (In this case, the integrated 
dose is 12000 [pW/cm^] x (20 x 60) [sec] =15 [W* sec/cm^] .) 

The TC57lOOOD/TC57lOOlD's erasure begins to occur when exposed to light with • 
wavelength shorter than 4000A. The sunlight and the flourescent lamps will include 
3000c\/4000A wavelength components. Therefore when used under such lighting for 
extended periods of time, the opeque seals - Toshiba EPROM Protect Seal AC901 - are 
available. 


[operation information! 


The TC571000D/TC571001D's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



PGM 

CE 

OE 

Vpp 

^CC 

OqOiO^ 

POWER 

READ 

Read 

H 

L 

L 



Data Out 

Active 

OPERATION 

Output Deselect 

A 

* 

H 

5V 

5V 

High Impedance 

(Ta=-40^85°C) 

Standby 

* 

H 

* 



High Impedance 

Standby 

PROGRAM 

OPERATION 

Program 

L 

L 

* 



Data In 


Program Inhibit 

* 

H 

* 

12.75V 

6.25V 

High Impedance 

Active 

(Ta=25±5°C) 

H 

L 

H 

High Impedance 

Program Verify 

H 

L 

L 



Data Out 



Note: H; L; Vjl, *; or 
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TC571000D-20, TC571000D-25 
TC571001D-20, TC571001D-25 


I READ MODE I 

The TC571000D/TC571001D has three control functions. The chip enable (CE) controls 
the operation power and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output buffers, 
independent of device selection. 

Assuming in that CE=OE=V];l and PGM=Vjjj, the output data is valid at the output after 
address access time from stabilizing of all addresses. 

The CE to output valid (t^g) is equal to the address access time (t^cC^• 

Assuming that CE=Vil, PGM=Vih addresses are valid, the output data is valid 

at the outputs after tQ£ from the falling edge of OE. 

And assuming that ^=OE=Vil and all addresses are valid, the output data is valid 
at the outputs after tpgj^ from the rising edge of PGM. 


IQUTPUT DESELECT MODEl 

Assuming that or OE=Vih, the outputs will be in a high impedance state. 

So two or more ROMs can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 


ISTANDBY MODE 

The TC571000D/TC571001D has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE” input, the TC571000D/TC571001D is placed in the 
standby mode which reduce the operating current to lOOyA by applying MOS-high level 
(Vcc) then the outputs are in a high impedance state, independent of the OE 

inputs. 

[PROGRAM MODE I 

Initially, when received by customers, all bits of the TC571000D/TC571001D are in 
the "1" state which is erased state. 

Threrefore the program operation is to introduce "O's" data into the desired bit 
locations by electrically programming. 

The levels required for all inputs are TTL. The TC571000D/TC571001D can be 

programmed any location at anytime-either individually, sequentially, or at 

random. 
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[PROGRAM VERIFY MODEl 

The verify mode is to check that the desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE and ^ at Vjl PGM at Vjjj. 

[PROGRAM INHIBIT MODEl 

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, 
a high level ^ or PGM input inhibits the TC571000D/TC571001D from being programmed. 
Programming of two or more EPROMS in parallel with different data is easily 
accomplished. That is, all inputs except for CE or PGM may be commonly connected, 
and a TTL low level program pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the other devices. 


HIGH SPEED PROGRAM OPERATION| 

The device is set up in the high speed programming mode when the programming voltage 
(+12.75V) is applied to the Vpp terminal with Vqq= 6.25V and PGM=Vjjj. 

The programming is achieved by applying a single TTL low level 0.1 ms pulse the PGM 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with Vqc=Vpp=5V. 
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HIGH SPEED PROGRAM OPERATION 
FLOW CHART 
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ELECTRIC SIGNATURE MODEl 

Electric signature mode allows to read out a code from TC571000D/TC571001D which 
identifies it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC571000D/TC571001D by using this mode before program operation and automatically 
set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vil in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set 
to Vpjj. These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TC571000D/TC571001D. 


PINS 

SIGNATURE 

Manufacture Code 

Ao 

ViL 

O7 

1 

06 

0 

05 

0 

04 

1 

03 

1 

02 

0 

0 0 

!-• 

Oo 

0 

HEX. 

DATA 

98 

Device Code 

TC571000D 

ViH 

1 

0 

0 

0 

0 

1 

1 

0 

86 

TC571001D 

0 

0 

0 

0 

0 

1 

1 

1 

07 


Notes; A9=12V±0.5V 

Al^^AS, A10'^^A16, CE, 0 E‘=Vil 
P^=ViH 
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lOUTLINE drawings! 


Unit in nun 



Note 1. Each lead pitch is 2.54imn. All leads are located within 0.25min 
of their true longitudinal position with respect NO.l and No.32 
leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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HIGH SPEED PROGRAMMING MODE 
FEATURES 

The High Speed Programming I or High Speed 
Programming II Algorithms may be used to program 
64K through 512K devices. The 1 MEGABIT devices 
may be programmed using the High Speed Pro¬ 
gramming II Algorithm. 


The High Speed Programming I Algorithm uses 
1ms programming pulse and the flow chart is shown 
in Figure 1. 

The High Speed Programming II Algorithm uses 
0.1ms programming pulse and the flow chart is 
shown in Figure 2. 


APPLICABLE DEVICES 


Device 

Name 

Theoreticai Programming Time 

EPROM 

One Time PROM 

i 

ii 

TMM2764AD/ADI 

TMM2464AP/AF 

33 sec 

0.8 sec 

TMM27128AD/ADI 

TMM24128AP/AF 

66 sec 

1.7 sec 

TMM27256AD/ADI 

TMM24256AP/AF 

131 sec 

3.3 sec 

TC57256AD 

TC54256AP/AF 

131 sec 

3.3 sec 

TMM27512D/DI 

TMM24512P 

262 sec 

7.0 sec 

TC571000D 

TC541000P 

N/A 

14 sec 

TC571001D 

TC541001P 

N/A 

14 sec 


IDENTIFICATION MODE 

The identification mode allows the reading of an electrical signature from the device that will identify the 
manufacturer and device type. The identification mode is activated using the following conditions: 

1. For the Manufacturer Code: 

Set A9=12V±0.5V, A0=ViL, Other Addresses=ViL 

Note: The manufacturer code is consistent with the E.I.A. standard. 

2. For the Device Code: 

Set A9=12V+0.5V, A0=ViH, Other Addresses=ViL. 

Note: The Device Code is manufacturer dependent. 

The following table shows the Electrical Signatures of Toshiba devices. 

ELECTRICAL DEVICES 


Device Name 

Signature 

EPROM 

One Time PROM 

Manufacture Code 

Device Code 

TMM2764AD/ADI 

TMM2464AP/AF 

98 

52 

TMM27128AD/ADi 

TMM24128AP/AF 

98 

D3 

TMM27256AD/ADI 

TMM24256AP/AF 

98 

54 

TC57256AD 

TC54256AP/AF 

98 

C4 

TMM27512D/Di 

TMM24512P 

98 

15 

TC571000D 

TC541000P 

98 

86 

TC571001D 

TC541001P 

98 

07 
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TOSHIBA 

Figure 1 

HIGH SPEED PROGRAM I FLOW CHART 
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Figure 2 

HIGH SPEED PROGRAM II FLOW CHART 



E-5 














E-6 



TOSHIBA MOS MEMORY PRODUCT 


TMM2464AP/AF 8,192 WORD X 8 BIT 
ONETIME PROGRAMMABLE READ ONLY MEMORY 

N CHANNEL SILICON STACKED GATE MOS 


TMM2464AP/AF 


DESCRIPTION 

The TMM2464AP/AF is a 8,192 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic DIP. 

The TMM2464AP/AF's access time is 200ns, 
and has low power standby mode which reduces the 
power dissipation without increasing access time. 


The electrical characteristics and programming 
method are the same as U. V. EPROM TMM- 
2764AD's. 

Once programed, the TMM2464AP/AF can not 
be erased because of using plastic DIP without 
transparent window. 


FEATURES 


• Single 5 volt power supply 

• Fast access time: 200ns (Max.) 

oPower dissipation : 10OmA(active current) Max. 

: 30mA(standby current) Max. 

• Low power standby mode : 

o Output buffer control : OE 
©Full static operation 


• High speed programming mode 

• Three state outputs 

• Inputs and outputs TTL compatible 
©Compatible with TMM2764AD and ROM 

TMM2365P, TC5365P. 

• 28 PIN standard plastic package; TMM2464AP 

• 28 PIN flat package : TMM2464AF 


PIN CONNECTION (TOP VIEW) 


VppCl 

A12[2 

A7[3 
A6 [ 4 
A5 [ 5 
A4 [ 6 
A3 C 7 

A2C8 
A1 C 9 
AO [10 
00 Cll 
01 Cl2 
02 Cl3 

ondCu 


28 ]Vcc 
27]Tmf 

26 ]N.G, 
25 ] A8 
24 ] A9 
23] All 
22]0E 
21 ] AlO 

20Ice 

191 07 
18 ] 06 
17 ] 05 
leJOA 
15] 03 


PIN NAMES 


Ao A|2 

Address Inputs 

0o"“07 

Outputs (Inputs) 


Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

N.C. 

No Connection 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


BLOCK DIAGRAM 


Vpp OND Vqc 00 01 02 03 04 05 06 07 



MODE SELECTION 


PIN 

mod'e^^ 

PGM 

(27) 

(20) 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo-O, 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 



Data Out 

Active 

Output 

Deselect 

* 

* 

H 

5V 

5V 

High Impedance 

Standby 

♦ 

H 

* 



High Impedance 

Standby 

Program 

L 

L 

* 



Data In 


Program 

* 

H 

* 

12.5V 

6V 

High Impedance 

Active 

Inhibit 

H 

L 

H 

High Impedance 

Program 

Verify 

H 

L 

L 



Data Out 



=|: H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

VoUT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

'C-sec 


Storage Temperature 

-55-150 

•c 

Topr. 

Operating Temperature 

0-70 

•c 


READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+ 1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

Vpp 

Vpp Power Supply Voltage 

2.2 

Vcc 

Vcc+ 0.6 


D. C. and OPERATING CHARACTERISTICS (Ta=0~70‘C, \/cc = 5V±5%, Unless otherwise noted) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN = 0—Vcc 

- 

■- 

±10 

aA 

Icci 

Supply Current (Standby) 

< 

- 

- 

30 

mA 

ICC2 

Supply Current (Active) 

CE = Vil 

- 

- 

100 

mA 

VoH 

Output High Voltage 

loH= —400//A 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

Iol = 2.1mA 

- 

- 

0.4 

V 

Ippl 

Vpp Current 

Vpp=0-Vcc + 0.6V 

- 

- 

±10 

aA 

Ilo 

Output Leakage Current 

VouT = 0.4 V— Vcc 

- 

- 

±10 

aA 
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A. C. CHARACTERISTICS (Ta = 0~70C, Vcc = 5V±5%, Vpp = 2,0V~Vcc + 0.6V, Unless otherwise noted) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tACC 

Address Access Time 

- 

200 

ns 

tCE 

CE to Output Valid 

- 

200 

ns 

tOE 

OE to Output Valid 

- 

70 

ns 

tPGM 

PGM to Output Valid 

- 

70 

ns 

tDFl 

CE to Output in High-Z 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

0 

60 

ns 

tDF3 

PGM to Output in High-Z 

0 

60 

ns 

ton 

Output Data Hold Time 

0 

- 

ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl= lOOpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta = 25-C, f= 1 MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN = OV 

- 

4 

6 

pF 

COUT 

Output Capacitance 

VouT = OV 

_ 

8 

12 

pF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 
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HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

ViH 

Input Fligh Voltage 

■ 2.0 

- 

Vcc+1 .0 

V 

Vii. 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 25±5 C, Vcc = 6V±0 25V, Vpp= 1 2 5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN = 0~Vcc 

- 

- 

±10 

aA 

VoH 

Output High Voltage 

loH= — 400/fA 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

1ol = 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

100 

mA 

lpP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 

mA 


A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5C. Vfc=6V±0 25V, Vpp= 12 5V±0 5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

AS 

tAH 

Address Hold Time 

- 

2 

- 

- 

AS 

tCES 

CE Setup Time 

- 

2 

- 

- 

AS 

tCEH 

CE Hold Time 

- 

2 

- 

- 

AS 

tos 

Data Setup Time 

- 

2 

- 

- 

AS 

tOH 

Data Hold Time 


2 

•- 

- 

AS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

AS 

tpw 

Program Pulse Width 

- 

0.95 

1 .0 

1 .05 

ms 

tOP.W 

Additional Program Pulse Width 

Note 1 

2.85 

3.0 

78.75 

ms 

tOE 

OE to Output Valid 

- 

- 

- 

100 

ns 

tDF2 

OE to Output in High-Z 

CE‘=Vil 

- 

- 

90 

ns 


A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Ci(IOOpF) 

1 0ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note : 1 . topw depend on the program pulse width which is reguired in the initial program. 

















TIVIIVI2464AP/AF 


TIMING WAVEFORMS (HIGH SPEED PROGRAM) 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 1 4V. 
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Tllllffl2464AP/AF 


OPERATION INFORMATION 

The TMM2464AP/AF's six operation modes are 
listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. In 


the read operation mode, a single 5V power supply 
is required and the levels required for all inputs are 
TTL. 


-—NAMES(NUMBER) 

MODE ' '— 

PGM 

(27) 

CE 

( 20 ) 

OE 

( 22 ) 

Vpp 

( 1 ) 

Vcc 

(28) 

Oo O 7 

(11-13, 15-19) 

POWER 

Read Operation 
(Ta = 0~70”C) 

Read 


L 

L 


5V 

Data Out 

Active 

Output Deselect 

* 

* 


High Impedance 

Active 

Standby 

* 

H 

* 

High Impedance 

Standby 

Program 

Operation 
(Ta = 25±5-C) 

Program 

L 

L 

* 


6 V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

Active 

H 

L 


High Impedance 

Active 

Program Verify 

H 

L 

L 

Data Out 

Active 


Note : H ; Vih, L ; Vil, * ; Vih or Vil 


READ MODE 

The TMM2464AP/AF_has three control func¬ 
tions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 

device selection. _ _ _ 

Assuming that CE = OE = Vil and PGM=Vih, the 
output data is valid at the outpus after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=Vih or OE=Vih, the outputs 
will be in a high impedance state. So two or more 
TMM2464AP/AF can be connected together on a 

STANDBYMODE 

The TMM2464AP/AF has a low power standby 
mode controlled by the CE signal. By applying a TTL 
high level to the CE input, the TMM2464AP/AF is 
placed in the standby mode which reduce the oper- 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
12.5 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2464AP/AF from being 
programmed. Programming of two or more 
TMM2464AP/AF in parallel with different data is 


The CE to output valid (tcs) is equal to the address 

access time (tAcc)._ _ 

Assuming that CE=Vil, PGM = Vih and all ad¬ 
dresses are valid, the output data is v alid at the 
outputs after toE from falling edge of OE. 

And assuming that CE = OE=Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 


ating current from 100mA to 30mA, and then the 
outputs are in a hi gh im pedance state, independent 
of the OE and the PGM inputs. 


T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 


easily accomplished. That is, all inputs except for CE 
or PGM may be commonly connected, and a TTL lo w 
level program pulse is applied to the CE and PGM of 
the desired device only and TTL high level signal is 
applied to the other devices. 
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TMM2464AP/AF 


HIGH SPEED PROGMAMMING MODE 

The device is set up in the high speed program¬ 
ming mode when the programming voltage (-t-12. 
5V) is applied to the Vpp terminal with Vcc = 6V and 
PGM=Vih. The programming is achieve d by a pply- 
ing a single TTL low level 1 ms pulse the PGM input 
after addresses and data are stable. Then the pro¬ 
grammed data is verified by using Program Verify 
Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then program- 

ELECTRIC SIGNATURE M.ODE 

Electric signature mode allows to read out a code 
from TMM2464AP/AF which identifies its manufac¬ 
turer and device type. 

The programming equipment may read out man¬ 
ufacturer code and device code from TMM2464AP/ 
AF by using this mode before program operation and 
automatically set program voltage (Vpp) and algor¬ 
ithm. 

Electric signature mode is set up when 12V is 


med data is verified. This should be repeated until the 
program operates correctly (max. 25 times). 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc^Vpp 
= 5V. 


applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM2464AP/AF 


._ PINS 

Ao 

0 , 

Oe 


0 , 



0 . 

o„ 


SIGNATURE ■—___ 

(10) 

(19) 

(18) 


(16) 



(12) 

(11) 


Manufacture Code 

V,L 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

Vih 

0 

1 

0 

1 

0 

0 

1 

0 



Notes: A9=12V±0.5V 

AI-AS, A10~A12, CE’, OE = Vil P^=Vih 
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TMM2464AP/AF 


HIGH SPEED PROGRAM MODE FLOW CHART 



OVKRPROORAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3Xmsec DURATION 










TMM2464AP/AF 


OUTLINE DRAWINGS (TMM2464AP) 


28 15 



Note : 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal positson with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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OUTLINE DRAWINGS (TMM2464AF) 



Note : Lead pitch is 1 .27 and tolerance is ±0.12 against theoretical center of each lead that is obtained on the basis of 
No. 1 and No.28 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are Implied, and Toshiba 
reserves the right, at any time without notice, to change said circuitry. 

* April, 1987 Toshiba Corporation 








TOSHIBA MOS MEMORY PRODUCT 


TMM24128AP/AF 16,384 WORD X 8 BIT 

ONE TIME PROGRAMMABLE READ ONLY MEMORY 

N CHANNEL SILICON STACKED GATE MOS 


TMM24128AP/AF 


DESCRIPTION 

TheTMI\/124128AP/AF is a 16,384 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic DIP. TMM241 28AP/AF's 
access time is 200ns, and has low power standby 
mode which reduces the power dissipation without 


increasing access time. The electrical characteristics 
and programming method are the same as U.V. 
EPROM TMM27128AD's. Once programed, the 
TMM24128AP/AF can not be erased because of 
using plastic DIP without transparent window. 


FEATURES 


• Single 5 volt power supply 

• Fast access time ;200ns(Max.) 

• Power dissipation : 100mA(active current) Max. 

30mA(standby current) Max. 

• Low power standby mode : ^ 

• Output buffer control : OE 

• Full static operation 

• High speed programming mode 


• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Compatible with TMM27128AD and MASK ROM 
TMM23128P 

• 28 PIN standard plastic package: TMM24128AP 

• 28 PIN flat package ;TMM24128AF 


PIN CONNECTION 


BLOCK DIAGRAM 


VppC 
A12[ 

A7 C 
A 6 C 
A5[ 

A4 [ 
ASC 
A2 [ 
Alt 9 
A0[ 10 
00 [ 11 
01 [ 12 
02 [ 13 
GNDt14 


'GO 


28] 

27 ]PQM 
26]A13 
25 ] a 8 
24 ] A9 
23 ] All 
22 ] OE 
21 lAlO 
20 ] ^ 
19] 07 
18 ]06 
17 ] 05 
16 ] 04 
15 103 


PIN NAMES 


Ao~" Ai3 

Address Inputs 

0o~07 

Outputs (Inputs) 


Chip Enable Input 


Output Enable Input 


Program Control Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 




A2 0—I 
A3 


AlOc 

AllC 


? ? ? 


00 01 0203 04 05 05 07 



, ffE ard ?0M 
CIRCUIT 

H 

OUTPUT BUFFERS 

1 

1 


I 



.5 

CULUMN 

32 

COLUMN I/O 
CIRCUIT 

CO 

s 


DECODER 


pc. 






- 






— 

ADDRESS 

,? 

R 

0 w 

512 

MEMORY CELL 


DECODER 


16,384 X 8 bit 









MODE SELECTION 


PIN 

IVIOD^'\ 

PGM 

(27) 

( 20 ) 

OE 

( 22 ) 

Vpp 

( 1 ) 

Vcc 

(28) 

Oo O 7 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

* 

♦ 

H 

High Impedance 

Standby 

* 

O 

* 

High Impedance 

Standby 

Program 

L 

L 

* 

12.5V 

6 V 

Data In 

Active 

Program 

Inhibit 

* 

O 

* 

High Impedance 

O 

L 

O 

High Impedance 

Program 

Verify 

H 

L 

L 

Data Out 


♦ H or L 


- E-17 - 






















TIIIIM24128AP/AF 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

VOUT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

”C'sec 

Tstrg. 

Storage Temperature 

-55-150 

•c 

Topr. 

Operating Temperature 

0-70 

"C 


READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.0 

Vcc 

Vcc+0.6 

V 


D. C. and OPERATING CHARACTERISTICS (Ta=0~70"C, Vcc = 5V±5%, Unless otherwise noted) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

ViN=0—Vcc 

- 

- 


aA 

Icci 

Supply Current (Standby) 

< 

I 

i 

- 

- 


mA 

ICC2 

Supply Current (Active) 

CE-Vil 

- 

- 

100 

mA 

VoH 

Output High Voltage 

l0H= —400;/A 

|SQ 

- 

- 

V 

VoL 

Output Low Voltage 

Iol=2 .1 mA 

- 

- 

ligl 

V 

Ippi 

Vpp Current 

Vpp=0-Vcc+0.6V 

- 


msi 

aA 

Ilo 

Output Leakage Current 

VouT = 0.4V—Vcc 

- 


QQ 

aA 
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TIVIM24128AP/AF 


A. C. CHARACTERISTICS (Ta = 0~70"C, Vcc = 5V±5%, Vpp=2.0V~Vcc + 0.6V, Unless otherwise noted) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tACC 

Address Access Time 

- 

200 

ns 

tCE 

CE to Output Valid 

- 

200 

ns 

tOE 

OE to Output Valid 

- 

70 

ns 

tPGM 

PGM to Output Valid 

- 

70 

ns 

tOFl 

CE to Output in Fligh-Z 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

0 

60 

ns 

tDF3 

PGM to Output in Fligh-Z 

0 

60 

ns 

tOH 

Output Data Flold Time 

0 

- 

ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl= lOOpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE =(= (Ta = 25’C, f=1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

> 

O 

II 

2 

> 

- 

4 

6 

PF 

COUT 

Output Capacitance 

VouT=OV 

- 

8 

12 

PF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 
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TMM24128AP/AF 


HIGH SPEED PROGRAM OPERATION 


D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS (Ta=25±5-C, Vcc=6V±0.25V, Vpp=1 2.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 





III 

Input Current 

ViN = 0~Vcc 

- 

- 


aA 

VOH 

Output High Voltage 

loH=— 400;/A 

Bl 

- 

- 

V 

Voi 

Output Low Voltage 

Iol= 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

100 

mA 

IPP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 

mA 


A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5 C, Vcc=6V±0 25V, Vpp=12 5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 


tAS 

Address Setup Time 

- 

2 

- 

- 

AS 

tAH 

Address Hold Time 

- 

2 

- 

- 

AS 

tCES 

CE Setup Time 

- 

2 

- 

- 

AS 

tCEH 

CT Hold Time 

- 

2 

- 

- 

AS 

tDS 

Data Setup Time 

- 

2 

- 

- 

AS 

tOH 

Data Hold Time 

- 

2 

- 

- 

AS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

AS 

tPW 

Program Pulse Width 

- 

0.95 

1 .0 

1 .05 

ms 

tOPW 

Additional Program Pulse Width 

Note 1 

2.85 

3.0 

78.75 

ms 

tOE 

OE to Output Valid 

- 

- 

- 

100 

ns 

tDF2 

OE to Output in High-Z 

m 

II 

< 

- 

- 

90 

_[1!_ 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and CiflOOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note : 1 . topw depend on the program pulse width which is reguired in the initial program. 
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TMM24128AP/AF 


TIMING WAVEFORMS (HIGH SPEED PROGMAM) 



Note : 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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TMM24128AP/AF 


OPERATION INFORMATION 

The TMM241 28AP/AF's six operation modes are 
listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 


Read Operation 

(Ta = 0~70’C) 

PIN NAMES(NUMBER) 

Read 

PGM 

(27) 

H 

CE 

(20) 

L 

OE 

(22) 

L 

Vpp 

(1) 

Vcc 

(28) 

Oo O7 

(11-13, 15-19) 

Data Out 

POWER 

Active 

Output Deselect 

♦ 

* 

H 

5V 

5V 

High Impedance 

Active 

Standby 

* 

H 

* 



High Impedance 

Standby 

Program 

Operation 
(Ta = 25±5-C) 

Program 

L 

L 

* 



Data In 

Active 

Program Inhibit 

* 

H 

* 

12.5V 

6 V 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 


Program Verify 

H 

L 

L 



Data Out 

Active 


Note ; H ; ViH, L ; Vil, * ; Vih or Vil 


READ MODE 

The TMM24128AP/AF has three control func¬ 
tions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 

device selection. _ _ _ 

Assuming that CE = OE = Vll and PGM=Vih, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=Vih or OE = Vih, the outputs 
will be in a high impedance state. So two or more 
TMM24128AP/AF can be connected together on a 

STANDBY MODE 

The TMM24128AP/AF has a low power standby 
mode controlled^the CE signal. By applying TTL 
high level to the CE input, the TMM241 28AP/AF is 
placed in the standby mode which reduce the oper- 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
12.5 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM241 28AP/AF from be¬ 
ing programmed. Programming of two or more 
TMM241 28AP/AF in parallel with different data is 


The CE to output valid (tcE) is equal to the address 

access time (tAcc)._ _ 

Assuming that CE=Vll, PGM=Vih and all ad¬ 
dresses are valid, the output data is v alid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE=Vil and addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 


ating current from 100mA to 30mA, and then the 
outputs are in a hi gh im pedance state, independent 
of the OE and the PGM inputs. 


T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 


ea sily ac complished. That is, all inputs except for CE 
or PGM may be commonly connected, and a TTL lo w 
level program pulse is applied to the CE and PGM of 
the desired device only and TTL high level signal is 
applied to the other devices. 
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TfflM24128AP/AF 


HIGH SPEED PROGMAMMING MODE 

The device is set up in the high speed program¬ 
ming mode when the programming voltage (-M2. 
5V) is applied to the Vpp terminal with Vcc = 6V and 
PGM=Vih. The programming is achieve d by a pply- 
ing a single TTL low level 1 ms pulse the PGM input 
after addresses and data are stable. Then the pro¬ 
grammed data is verified by using Program Verify 
Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then pro- 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM24128AP/AF which identifies its manu¬ 
facturer and device type. 

The programming equipment may read out man¬ 
ufacturer code and device code from 
TMM241 28AP/AF by using this mode before pro¬ 
gram operation and automatically set program volt¬ 
age (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 


grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 


applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM24128AP/AF. 


—~PINS 

SIGNATURE -—- 

Ao 

( 10 ) 

Or 

(19) 

Oe 

(18) 

Os 

( 17 ) 

0 , 

(16) 


Or 

( 13 ) 

0 . 

( 12 ) 

Oo 

( 11 ) 

HEX. 

DATA 

Manufacture Code 

Vil 

1 

0 

0 

1 

■■ 

0 

0 

0 

98 

Device Code 

Vih 

1 

1 

0 

1 

0 

. -Q.-I 

_1 

1 

D3 


Notes: A9 = 12V±0.5V 

A1~A8, A10~A13, OE = Vil PGM'=:Vih 
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OVERPROORAM 3X PULSES OP 1msec 
OR ONE PULSE OP SXmsec DURATION 


VERIPY 

OK J*- 

'"'^LAST^^ 

v^^DRESS^ 

T YES 

Vcc = 5.0V 
Vpp ~ 5.0 V 


READ NO 

VLL BYTE,--^^'* 


OK 
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OUTLINE DRAWINGS (TMM24128AP) 
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Note : 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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Note: Lead picth is 1.27 and tolerance is±0.1 2 against theoretical center of each lead that is obtained on the basis of 
No. 1 and No.28 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are Implied, and Toshiba 
reserves the right, at any time without notice, to change said circuitry. 

° April, 1987 Toshiba Corporation 
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TOSHIBA fflOS MEMORY PROOUCT 


TMM24256AP/AF 32,763 WORD X 8 BIT 

ONE TIME PROGRAMMABLE READ ONLY MEMORY 

SILICON STACKED GATE MOS 


TMM24256AP/AF 


DESCRIPTION 

The TMM24256AP/AF is a 32,768 word X 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic Package. 

The TMM24256AP/AF's access time is 200ns 
and has low power standby mode which reduces the 
power dissipation without increasing access time. 


The electrical characteristics and programming 
method are the same as U.V. EPROM 
TMM27256AD's. 

Once programed, the TMM24128AP/AF can not 
be erased because of using plastic DIP without 
transparent window. 


FEATURES 

• Fast access time : 200ns 

• Low power dissipation 

Active : 100mA 
Standby : 30mA 

• Single 5V power supply 

• Full static operation 

• Fiigh speed programming mode 


• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P, 
TMM23256P, EPROM TMM27256D/AD and 
TC57256D 

• Standard28pinDIPplasticpackage : TMM24256AP 

• Plastic Flat Package : TMM24256AF 


PIN CONNECTION 


BLOCK DIAGRAM 


Vppc 1 
A12|; 2 

A7C 3 
A6[ 4 
A5[ 5 
A4[ 6 
A3C 7 
A2I; 8 
AlC 9 


AOC 
00 [ 
oic 
OZl 
QNDC 14 




10 

11 

12 

13 


28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 


1 Vcc 

] A14 
] A13 
] A8 
I A9 
] All 
] OE 
] AlO 
:cE 
3 07 
3 06 

] 05 
104 
3 03 


Vpp QND Vqq Oq Ol Og O3 O4 O5 (% t>7 



MODE SELECTION 


PIN NAMES 


A„~A„ 

Address Inputs 

0 o ~07 

Outputs (Inputs) 


Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 


Ground 


PIN 

MODE^\^ 

cF 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

0o~07 

(11-13, 15-19) 

POWER 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

H 

1 

6V 

Data In 

Active 

Program 

Inhibit 

H 

H 

High Impedance 

Program 

Verify 

* 

L 

Data Out 


♦ H or L 
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TC54256AP/AF 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

VoUT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260• 10 

“C'sec 

Tstg. 

Storage Temperature 

-55-150 

•c 

Topr. 

Operating Temperature 

0-70 

•c 


READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 


ViH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.0 

Vcc 

Vcc+0.6 

V 


D. C. and OPERATING CHARACTERISTICS (Ta=0~70C, Vcc=5V±5%,) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN=0~Vcc 

- 

- 

±10 

aA 

lcci I 

Supply Current (Standby) 

-1 

II 

< 

X 

- 

- 

30 

mA 

ICC2 

Supply Current (Active) 

m 

II 

< 

- 

- 

100 

mA 

VoH 

Output High Voltage 

loH= —AOOftA 

ng 

- 

- 

V 

VoL 

Output Low Voltage 

Iol=2. 1 mA 

- 

- 

0.4 

V 

IPPI 

Vpp Current 

Vpp=0—Vcc+0.6V 

- 

- 

±10 

aA 

Ilo 

Output Leakage Current 

Vout= 0.4V—Vcc 

- 

- 

±10 

aA 

















































































































TMM24256AP/AF 


A. C. CHARACTERISTICS (Ta = 0~70-C, Vcc=5V±5%, Vpp=2.0V~Vcc+0.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

tACC 

Address Access Time 

m 

II 

ml 

II 

< 

- 

200 

ns 

tCE 

CE to Output Valid 

> 

II 

|UJ 

lo 

- 

200 

ns 

tOE 

OE to Output Valid 

CE = Vil 

- 

70 

ns 

tOFl 

CE to Output in High-Z 

> 

II 

|UJ 

lo 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

o 

m 

II 

< 

0 

60 

ns 

tOH 

Output Data Hold Time 

CE = OE = Vil 

0 

- 

ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl= 10OpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta = 25-C. f^lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

> 

O 

II 

2 

> 

i 

4 

6 

pF 

COUT 

Output Capacitance 

VouT = OV 

- 

8 

12 

PF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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TMM24256AP/AF 


High speed PROGRAM OPERATION 


D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

ViH 

Input Fligh Voltage 

2.0 

- 

Vcc+ 1 .0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 25±5”C, Vcc = 6V±0 25V, Vpp=12 5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

ViN = 0~Vcc 

- 

- 

±10 

aA 

VoH 

Output Fligh Voltage 

loH = —400//A 

2.4 

B 

- 

V 

VoL 

Output Low Voltage 

Iol=2. 1 mA 

- 

B 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

120 

mA 

IPP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 

mA 

ViD 

Ag Auto Select Voltage 

~ 

11 .5 

12.0 

12.5 

V 


A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5°C, Vcc = 6V±0.25V, Vpf = 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 


tAH 

Address Flold Time 

- 

2 



AS 

tCES 

CE Setup Time 

- 

0 

9BH 

s^s 

ns 

tCEH 

CE Flold Time 

- 

0 

SB 

- 

ns 

tOES 

OE Setup Time 

- 

2 

Z 

- 

AS 

tos 

Data Setup Time 

- 

2 

- 

- 

AS 

tOH 

Data Flold Time 

- 

2 

- 

- 

AS 

tvps 

Vpp Setup Time 

- 

2 

- 

- 

AS 

tvcs 

Vcc Setup Time 

- 

2 

- 

- 

AS 

tpw 

Initial Program Pulse Width 

CE=Vil, OE = Vih 

0.95 

1 .0 

1.05 

ms 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3.0 

78.75 

ms 

tOE 

OE to Output Valid 

r^l 

m 

II 

< 

- 

- 

150 

ns 

tOFP 

OE to Output in High-Z 

CE^Vih 

- 

- 

130 

ns 


A. C. TEST CONDITIONS 
o Output Load 

o Input Pulse Rise and Fall Times 
o Input Pulse Levels 
• Timing Measurement Reference Level 


1 TTL Gate and Ci(IOOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note 1 : The length of the overprogram pulse may very as a fumction of the counter value X. 














































TIVIIVI24256AP/AF 


TIMING WAVEFORMS(PROGRAM) 
(VCC-6V±0.25V, Vpp=12.5V±0.5V) 



Note : 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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TMM24256AP/AF 


OPERATION INFORMATION 

The TMM24256AP/AF's six operation modes are achieved by applying TTL level signal to all inputs, 
listed in the following table. Mode selection can be 


-NAMES(NUMBER) 

MODE ’ -^—______ 

CF 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

0o'~07 

(11-13, 15-19) 

POWER 

Read Operation 
(Ta=0~70°C) 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Active 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta = 25±5"C) 

Program 

L 

H 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Active 

Program Verifyr 

* 

L 

Data Out 

Active 


Note ; H ; Vih, L ; Vil, * ; Vih or Vil 


READ MODE 

The TMM24256AP/AF has two control func¬ 
tions. The chip enable (CE) controls the operation 
power and should be j^d for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. 

Assuming the CE = OE=Vil, the output data is 
valid at the outputs after address access time from 

OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE = Vih, the outputs 
will be in a high impedance state. So two or more 
TMM24256AP/AF's can be connected together on a 

STANDBY MODE 

The TMM24256AP/AF has a low power standby 
mode controlled by the CE signal. By applying a high 
level to the CE input, the TMM24256AP/AF is 
placed in the standby mode which reduce the oper- 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
12.5V) is applied to Vpp terminal, a TTL high level CE 
input inhibits the TMM24256AP/AF from being 
programmed. 

Programming of two or more TMM24256AP/ 
AF's in parallel with different data is easily accom- 


stabilizing of all addresses. 

The CE to output valid (tcE) is equal to the address 
access time (tAcc). _ 

Assuming that CE=Vil and all addresses are 
valid, the output data is y^d at the outputs after toE 
from the falling edge of OE. 


common bus line. 

When CE is decoded fot Jevice selection, all 
deselected devices are in low power standby mode. 


ating current to 30mA from 100mA (about 70% 
reduction) and then the outputs are in a high 
impedance state, independent of the OE inputs. 


The verify is accomplished with OE at Vil and CE at 
Vih or Vil. 


plished. That is, all inputs except for CE and OE may 
be commonly connected, and a TTL low level pro¬ 
gram pulse is applied to the CE of the desired device 
only and TTL high level signal is applied to the other 
devices. 
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TMIIII24256AP/AF 


HIGH SPEED PROGMAMMING MODE 

The device is set up in the high speed program¬ 
ming mode when the programming voltage (-f-12. 
5V) is applied to the Vpp terminal with Vcc=6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse the CE input after addresses 
and data are stable. Then the programmed data is 
verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then pro- 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM24256AP/AF which identifies its manu¬ 
facturer and device type. 

The programming equipment may read out man¬ 
ufacturer code and device code from 
TMM24256AP/AF by using this mode before pro¬ 
gram operation and automatically set program volt¬ 
age (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is 


grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 
equal to that needed for initial programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
= 5V. 


applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM24256AP/AF. 


' PINS 

Ao. 

0, 

Oe 

Os 

o« 

Os 

Os 

0, 

Oo 

HEX. 

SIGNATURE --— 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

ViL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

0 

1 

0 

1 

0 

1 

0 

0 

54 


Notes: A9 = 12V±0.5V 

A1~A8, A10~A14, CE, Of^ViL 































TIVIM24256AP/AF 

HIGH SPEED PROGRAM MODE FLOW CHART 
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TIVIM24256AP/AF 


OUTLINE DRAWINGS (TMM24256AP) 


28 27 26 25 24 23 22 

...rTi rn m rn.rfi rfi rh| 

21 20 19 18 ^ 16 ^ 

Ifti rH rfi ffi rp rh rh 


H—1—F-4-H—1—h 

-1 —\— K—t-h —i— 1— 

i 

fix 

\ R1.5 

' |[j l|j I-1-> lL 

lij ill lIj 4-1 l[j l|j ijj ' 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 


Unit in nun 




Note ; 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No,28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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Note; Lead picth is 1.27 and tolerance is±0.12 against theoretical center of each lead that is obtained on the basis of 
No. 1 and No.28 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are Implied, and Toshiba 
reserves the right, at any time without notice, to change said circuitry. 

* April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PROOUCT 


TC54256AP/AF 


32.768 WORD x 8 BIT COMS ONE TIME 
PROGRAMMABLE READ ONLY MEMORY 


IDESCRIPTIONI 

The TC5A256AP/AF is a 32,768 word8 bit one time programmable read only memory, 
and molded in a 28 pin plastic package. The TC54256AP/AF’s access time is 200ns and 
has low power standby mode which reduces the power dissipation without increasing 
access time. The electrical characteristics and programming method are the same as 
U.V. EPROM TC57256AD's. Once programed, the TC54256AP/AF can not be erased because 
of using plastic DIP without transparent window. 


IFEATURESI 

• Peripheral circuit: CMOS 

Memory cell : N-MOS 

• Low power dissipation 

Active : 40mA/6.7MHz 
Standby: lOOyA 

• Fast access time: 200ns 

• Single 5V power supply 

• Full static operation 

• High speed programming mode 


I PIN connect!^ (TOP VIEW) 


Vpp 

c 


28 

□ VcG 

A12 

c 

2 

27 

3A14 

A7 

c 

3 

26 

□ A13 

A6 

c 

4 

25 

3A8 

A5 

c 

5 

24 

□ A9 

A4 

c 

6 

23 

□ All 

A3 

z 

7 

22 

□5E 

A2 

z 

8 

21 

□ AlO 

A1 

z 

9 

20 

□ CE 

AO 

c 

10 

19 

□ 07 

00 

c 

11 

18 

□ 06 

01 

z 

12 

17 

□ os 

02 

z 

13 

16 

□ 04 

OND 

c 

14 

15 

□ 03 


Inputs and outputs TIL compatible 
Pin compatible with ROM TC53257P, TMM23256P, 
EPROM TMM27256D/AD, TC57256D/AD, One time PROM 
TMM24256P/AP and TC54256P 
Standard 28 pin DIP plastic package: TC54256AP 
Plastic Flat Package : TC54256AF 


iBLOCK DIAGR'M 


Vpp OND Yqc 00 01 02 03 04 05 06 07 



IPIN NAMES I 


AO A14 

Address Inputs 

OO'v-OI 

Outputs (Inputs) 

CE 

Chip Enable Input 

■ OE 

Output Enable Input 

Vpp 

Program Supply 
Voltage 

Vcc 

Vqq Supply Voltage 
(+5V) 

GND 

Ground 


MODE SELECTIONI 

PIN 

CE 

OE 

Vpp 

Vcc 

00'^07 

POWER 

MODE ^^ 

(20) 

(22) 

(1) 

(28) 

(ll'^>13,15'''19) 

Read 

L 

L 



Data Out 

Active 

Output Deselect 

* 

H 

5V 

5V 

High Impedance 

Standby 

H 

* 



High Impedance 

Standby 

Program 

L 

H 

■ 


Data In 


Program Inhibit 

H 

H 


6V 

High Impedance 

Active 

Program Verify 

* 

L 

m 


Data Out 



*: H or L 
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TC54256AP/AF 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-O.e-v 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-^ 14.0 

V 

ViN 

Input Voltage 

-0.6'v 7.0 

V 

Vl/0 

Input/Output Voltage 

—0.6 Vq0-K) . 5 

V 

Pd 

Power Dissipation 

1.5 

W 

^SOLDER 

Soldering Temperature Time 

260 . 10 

“C • sec 

■^STRG 

Storage Temperature 

-65 -v 125 

“C 

topr 

Operating Temperature 

-40 -v 85 

“C 


READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 


Vqq Power Supply Voltage 

4.75 

5.00 

5.25 

Vpp 

Vpp Power Supply Voltage 

Vcc-0 • 6 

Vcc 

Vcc+0.6 


D.C. and OPERATING CHARACTERISTICS (Ta«-40 85°C, VCC=5V±5%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

ViN=OV'v.Vcc 

- 


±10 

UA 

TCCOI 

Operating Current 

CE=0V 

f=6.7MHz 

- 

- 

40 

mA 

ICC02 

f=lMHz 

- 

- 

10 

iccsi 

Standby Current 

CE=Vih 

- 

- 

1 

mA 

ICCS2 

CE=Vcc“0.2V 

- 

- 

100 

yA 

VOH 

Output High Voltage 

^OH~’’^OOuA 


- 

- 

V 

VoL 

Output Low Voltage 

IOL=2.1mA 

- 

- 

0.4 

V 

IPPI 

Vpp Current 

Vpp=Vcc-0«6V 

- 

- 

±10 

yA 

^LO 

Output Leakage Current 


- 


±10 

yA 
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TC54256AP/AF 


A.C. CHARACTERISTICS (Ta=-40 'v. 85“C, Vcc=5V±5%, Vpp=Vcc±0.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

tACC 

Address Access Time 

CE=OE=Vxl 

- 

200 

ns 

^CE 

CE to Output Valid 

Ol=ViL 

- 

200 

‘^OE 

OE to Output Valid 

Cl-=ViL 

- 

70 

tDFl 

CE to Output in High-Z 

OE^Vj-l 

0 

60 

tDF2 

OF to Output in High-Z 

^=ViL 

0 

60 

^OH 

Output Data in Hold Time 

^=OE=Vil 

0 

- 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


CAPACITANCE * (Ta=25“C, f»lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input Capacitance 

Viig=0V 

- 

4 

6 

pF 

COUT 

Output Capacitance 

VouT“0V 

- 

8 

12 


* This parameter is periodically sampled and is not 100% tested. 


1 TTL Gate and CL=100pF 
10ns Max. 

0.45V2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 


TIMING WAVEFORMS (READ) 



- E-39 






























































TC54256AP/AF 


PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.2 

- 

Vcc+1.0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 


Vqq Power Supply Voltage 

5.75 

6.0 

6.25 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 


D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

ViN=0 Vcc 

- 

- 

±10 

yA 

^OH 

Output High Voltage 

Ioh®”400uA 

mm 

- 

- 

V 

VOL 

Output Low Voltage 

IOL“2.1mA 

- 

- 

0.4 

; V 

^CC 

Vqq Supply Current 

- 

- 

- 

40 

mA 

Ipp2 

Vpp Supply Current 

Vpp=13.0V 

- 

- 

50 

mA 

ViD 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5‘’C, Vcc“6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

> 

- 


tAH 

Address Hold Time 

- 

2 

- 

- 

ys 

^CES 

CE Setup Time 

- 

0 

- 

- 

ns 

*^CEH 

^ Hold Time 

- 

0 

- 

- 

ns 

*^0ES 

OE Setup Time 

- 

2 

- 

- 

mm 

tDS 

Data Setup Time 

- 

2 

- 

- 

mm 

*^DH 

Data Hold Time 

- 

2 

- 

- 

IHSIIi 

^VPS 

Vpp Setup Time 

- 

2 

- 

- 

■91 

*^VCS 

Vcc Setup Time 

- 

2 

- 

- 

ys 

*^PW 

Initial Program Pulse Width 

CE=Vil, 0E=Vih 

0.95 

1 

1.05 

ms 

^OPW 

Overprogram Pulse Width 

Note 

1 

2.85 

3 

78.75 

ms 

^OE 

OE to Output Valid 

CE=Vih 

- 

- 

150 

ns 

*^DFP 

OE to Output in High-Z 

CE«Vih 

- 

- 

130 

ns 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cl (lOOpF) 

• Input Pulse Rise and Fall Times ; 10ns Max. 

• Input Pulse Levels : 0.45V'v 2.4V , 

• Timing Measurement Reference Level ; Input 0.8V and 2.2V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 

value X. 
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TC54256AP/AF 


TIMING WAVEFORMS (PROGRAM) 

(Vcc“ 6V±0.25V, Vpp=12.5V±0.5V) 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp=12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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TC54256AP/AF 


lOPERATION information! 

The TC54256AP/AF’s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 


_____PIN NAMES (NUMBER) 

MODE ■ --- 

1^1 

OE 

(22) 

9 

Vcc 

(28) 

00 07 

(ll-vlS, IS'v.ig) 

POWER 

Read Operation 
(Ta=-A0''^ 85^0 

Read 

n 

B 

5V 

5V 

Data Out 

Active 

Output Deselect 

B 

H 

High Impedance 

Standby 

H 

B 

High Impedance 

Standby 

Program Operation 

(Ta=25±5“C) 

Program 

L 

H 

12-.5V 

6V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

B 

B 

Data Out 


Note: H; Vjjj, L; *; Vjjj or 


[READ mode! 

The TC5A256AP/AF has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. 

The output enable (OE) controls the output buffers, independent of device selection. 
Assuming that CE=OE=Vil, the output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

The CE to output valid (t^g) is equal to the address access time (t^^cC^ • 

Assuming that CE=Vjl and all addresses are valid, the output data is valid at the 
outputs after tQg from the falling edge of OE. 

lOUTPUT DESELECT MODE! 

Assuming that CE^Vm or OE=Vih, the outputs will be in a high impedance state. 
So two or more TC5A256AP/AF's can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

ISTANDBY mode] 

The TC5A256AP/AF has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC5A256AP/AF is placed in the standby 
mode which reduce the operating current to lOOvA by applying MOS-high l^el (Vcc) 
and then the outputs are in a high impedance state, independent of the OE inputs. 
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TC54256AP/AF 


PROGRAM MODE 

Initially, when received by customers, all bits of the TC54256AP/AF are in 
the "1" state which is erased state. 

Therefore the program operation is to introduce "O’s" data into the desired bit 
locations by electrically programming. 

The TC54256AP/AF is in the programming mode when the Vpp input is at 12.5V and CE is 
at TTL-Low level under OE=Vih. 

The TC5A256AP/AF can be programmed any location at anytime either individually, 
sequentially, or at random. 


PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE at Vjl and CE at Vpjj or Vjl* 


PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12.5V) is applied to Vpp 
terminal, a TTL high level CE input inhibits the TC54256AP/AF from being programmed. 
Programming of two or more TC54256AP/AF’s in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL Low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 


HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming 
mode. The device is set up in the high speed programming mode when the programming 

voltage (+12.5V) is applied to the Vpp terminal with Vcc“6V. _ 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
width of 3 times more than that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with Vcc“Vpp“5V. 
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TC54256AP/AF 


HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS = OVERPROORAM 3X PULSES OF Imsec 

NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION 
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TC54256AP/AF 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC54256AP/AF which 
identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC54256AP/AF by using this mode before program operation and automatically set- 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this 
conditions is manufacturer code. Device code is identified when address AO is 
set to Vijj. These two codes possess an odd parity with the parity bit of MSB 
(07). The following table shows electric signature of TC54256AP/AF. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

signature"''"--^->^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

ViL 

1 

0 

0 

1 

n 

0 

0 

0 

98 

Device Code 

ViH 

1 

1 

0 

0 

0 

1 

0 

0 

C4 


Notes: A9-12V±0.5V 

A1'\^A8, A10'\'A14, CE, 6E-Vil 
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TC54256AP/AF 


OUTLINE DRAWINGS (TC54256AP) 


Unit in nun 


28 15 



Note 1. Each lead pitch is 2.54n!m. All leads are located within 0.25inni of 
their true longitudinal position with respect No.l and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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OUTLINE DRAWINGS 


(TC54256AF) 
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uuuuuuuuuuuuuu 

1 14 


18.9UAX. , i 

to 

O 

d 

■H 

lO 


1 IS ± 0.3 , 


■ 

1 

/ _ 11 _ \' 

d 


OP 

y 

j 


■ 

pPwlHlICro _ 


0.43 ± OJl 


1.27 ±0.05 ::i 

o 

^ -H 



15 ± 0.4 


Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical 
center of each lead that is obtained on the basis of No.l and 
No.28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 

TMIUIOVIRI OD/C TMM24512P/F 65,536 WORD X 8 BIT ONE TIME 

I III lll^Hu \LV it PROGRAMMABLE READ ONLY MEMORY 


feCRIPTIONi 

The TMM24S12P/F Is a 65,536 word x 8 bit one time programmable read only memory, 
and molded In a 28 pin plastic package. The THM24512P/F's access time Is 250ns, and 
has low power standby mode which reduces the power dissipation without increasing 
access time. The electrical characteristics and programming method are the same as 
U.V. EPROM TMM27512D's. Once programed, the TMM24512P/F can not be erased because of 
using plastic DIP without transparent window. 

I FEATURES! 


• Fast access time: 250ns 

• Low power dissipation 

Active : 120mA 
Standby: 35mA 

• Single 5V power supply 
IPIN CONNECf!^ (TOP VIEW) 


Full static operation 

High speed programming mode 

Inputs and outputs TTL compatible 

Pin compatible with TMM27512D 

Standard 28 pin DIP plastic package: TMM24512P 

Plastic Flat Package : TMM24512F 


racK diagram! 



1 

2 

28 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

22 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

IS 


5E , CE 
CIRCUIT 


Oq Og O3 O4 O5 Og C-7 


OUTPUT BUFFERS 




COLUMN I/O 
CIRCUIT 


MEMORY CELL 
ARRAY 

eWSfixBbxts 



PIN NAMES 


0'vA15 Address Inputs 


00'''07 Outputs (Inputs) 


C? Chip Enable Input 




MODE SELECTION 


Power Supply 
Voltage (+5V) 


PIN 

MODE ^-^ 

on 

IBM 

OEyvpp 

(22) 

Vcc 

(28) 

00 -''07 

(11-vis, 15'v-19) 

POWER 

Read 

IDKH 

5V 

Data Out 

Active 

Output Deselect 


H 

High Impedance 

Standby 

IDB 


High Impedance 

Standby 

Program 

L 

Vpp 

6V 

Data In 

Active 

Program Inhibit 

101 

Vpp 

High Impedance 

Program Verify 

L L 


Data Out 


* H or L 



























































TIIIIIVI24512P/F 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

vcc 

Power Supply Voltage 

-0.6'^7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 -v-14.0 

V 

ViN 

Input Voltage 

-0.6'''7.0 

V 

Vl/0 

Input/Output Voltage 

-0.6 '\,7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

^SOLDER 

Soldering Temperature 

260 • 10 

®C*sec 

PSTG 

Storage Temperature 

-55 -v, 150 

“C 

Tqpr 

Operating Temperature 

0'''70 

"C 


READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

2.0 

- 

Vcc+1*0 

■ 

ViL 

Input low Voltage 

-0.3 

- 

0.8 

^cc 

V(^(j Power Supply Voltage 

4.75 

5.00 

5.25 


D.C. and OPERATING CHARACTERISTICS (Ta-0»v70°C, Vcc-5V±5%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

ViN-0'''Vcc 

- 

- 

±10 

pA 

icci 

Supply Current (Standby) 

CS-ViH 

- 

- 

35 

mA 

ICC2 

Supply Current (Active) 

CE-Vil 

- 

- 

120 

mA 

Vqh 

Output High Voltage 


jBM 

- 

- 

V 

^OL 

Output Low Voltage 

IOL“2.1mA 

- 

- 


V 

IPPI 

Vpp Current 

Vpp*0 'v Vqq+0.6V 

- 

- 

±10 

pA 

^LO 

Output Leakage Current 

Voux"0.4V 'V Vqjj 

- 

- 

±10 

pA 
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TIVIIVI24512P/F 


A.C. CHARACTERISTICS (Ta-0'v-70®C, Vcc-SVtSZ, Vpp-2.0V'\-Vcc+0.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

UNIT 

^ACC 

Address Access Time 

CF-OE-Vjl 

- 

250 

ns 

*=CE 

CE” to Output Valid 

5E-Vil 

- 

250 

*^OE 

OE to Output Valid 

CI-ViL 

- 

100 

*^DF1 

CE to Output In Hlgh-Z 

SI-VpL 

0 

90 

tDF2 

OF to Output In Hlgh-Z 

CE-Vil 

0 

90 

•=OH 

Output Data In Hold Time 

CE-OI-Vil 

0 

- 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and CL“100pF 

* Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : O.A5V'''2.AV 

* Timing Measurement Reference Level: Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta-25‘’C, f-lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CiNl 

Input Capacitance 

ViN-OV 

- 

A 

6 

pF 

ClN2 

OE/Vpp Input Capacitance 

Viu-OV 

- 

50 

60 

COUT 

Output Capacitance 

VouT*0V 

- 

8 

12 


* This parameter Is periodically sampled and Is not lOOZ tested. 


TIMING WAVEFORMS (READ) 
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TIIIIM24512P/F 


PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ViH 

Input High Voltage 

o 

CM 

- 

Vcc+1.0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

Vcc 

Power Supply Voltage 

5.75 

6.0 

6.25 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 


D.C. and OPERATING CHARACTERISTICS (Ta-25t5°C, Vcc-6V±0.25V, Vpp-12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

ViN-0 'V'Vcc 

- 

- 

±10 

uA 

VOH 

Output High Voltage 


am 

- 

- 

V 

VOL 

Output Low Voltage 

Iol“ 2.1mA 

- 

- 

0.4 

V 

^CC 

Vqq Supply Current 

- 

- 

- 

130 

mA 

Ipp2 

Vpp Supply Current 

Vpp-13.0V 

- 

- 

50 

mA 

ViD 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta-25±5*C, Vcc-6V±0.25V, Vpp-12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 



Address Hold Time 

- 

2 

- 

- 

us 

tOES 

OE/Vpp Setup Time 

- 

2 

- 

- 


tOEH 

OE/Vpp Hold Time 

- 

2 

- 

- 

US 

*^PRT 

OE/Vp^ Pulse Rise Time 

- 

50 

- 

- 


tDS 

Data Setup Time 

- 

2 

- 

- 


tDH 

Data Hold Time 

- 

2 

- 

- 

mn 

tVR 

CJE/Vpp Recovery Time 

- 

2 

- 

- 

mQH 

^VCS 

Vqq Setup Time 

- 

2 

- 

- 

■9 

tpw 

Initial Program Pulse Width 

Cl-ViL, (5E/Vpp«Vpp 

0.95 

1 

1.05 

ms 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

tDV 

Data Valid from CE 

OE/Vpp-ViL 

- 

- 

1 

'mm 

tDF 

^ to Output In Hlgh-Z 

0S/Vpp«ViL 

- 


130 

ns 


A.C. TEST CONDITIONS 

* Output Load : 1 TTL Gate and Cx. (lOOpF) 

* Input Pulse Rise and Fall Times : 10ns Max. 

* Input Pulse Levels : 0.45V'v2.AV 

* Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TMIVI24512P/F 


TIMING WAVEFORMS (PROGRAM) 

(Vcc*6V±0.25V, Vpp-12.5V±0.5V) 



Note 1. must be applied simultaneously or before Vpp and cut off 

simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp«12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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TMIVI24512P/F 

OPERATION INFORMATION 

The TMM24512F/F's six operation modes are listed In the following table. 
Mode selection can be achieved by applying TTL level signal to all Inputs. 


——-^.^I^AMES (NUMBER) 
MODE ^ -- 


5E/Vpp 

(22) 

vec 

(28) 

00'v<07 

(ll-v-ia, 15'''19) 

POWER 

Read Operation 

(Ta-O-x, 70'’C) 

Read 

L 

L 


Data Out 

Active 

Output Deselect 

* • 

H 

5V 

High Impedance 

Standby 

H 

•k 


High Impedance 

Standby 

Program Operation 
(Ta-25±5'’C) 

Program 

L 

Vpp 


Data In 


Program Inhibit 

H 

Vpp 

6V 

High Impedance 

Active 

Program Verify 

L 

L 


Data Out 



Note; H; Vm, L; Vil, *; Vm or Vil 


READ MODE 

The TMM24512P/F has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. The output enable (^) con¬ 
trol the output buffers, Independent of device selection. Assuming the ^-OE-Vil, the 
output data Is valid at the outputs after address access time from stabilizing of all 
addresses. The CE to output valid (teg) is equal to the address access time (tACC)• 

Assuming that CE»Vil and all addresses are v._Id, the output data Is valid at the 

outputs after tgE from the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE^Vj^ or oE^Vjh, the outputs will be In a high Impedance state. 

So two or more TMM24512F/F's can be connected together on a common bus line. When CE 
Is decoded for device selection, all deselected devices are In low power standby mode. 

STANDBY MODE 

The TMM24512F/F has a low power standby mode controlled by the CE signal. By 
applying a high level to the CE Input, the TMM24S12F/F Is placed In the standby mode 
which reduce the operating current to 35mA from 120mA (about 70Z reduction) by applylnf 
MOS-hlgh level and then the outputs are In a high Impedance state. Independent 

of the CE Inputs. 
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TMIVI24512P/F 


PROGRAM MODE 

Initially, when received by customers, all bits of the TMM24512P/F are in the 
"1" state which is erased state. Therefore the program operation is to introduce "0" 
data into the desired bit locations by electrically programming. The TMM24512P/F is 
in the programming mode when the iJE/Vpp input is at 12.5V and Cl is at TTL-Low level. 
The TMM24512P/F can be programmed any location at anytime either individually, 
sequentially, or at random. 


PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with CT at Vjl and OE/Vpp at Vil. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12.5V) is applied to Vpp terminal, 
a TTL high level CE input inhibits the TMM24512P/F from being programmed. Programming 
of two or more TMM2A512P/F's in parallel with different data is easily accomplished. 
That is, all inputs except for CET and Ol may be commonly connected, and a TTL Low 
level program pulse is applied to the CE of the desired, device only and TTL high level 
signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming 
mode. The device is set up in the high speed programming mode when the prograiiming 
voltage (+12.5V) is applied to the Vpp terminal with Vcq* 6V. The programming is 
achieved by applying a single TTL low level 1ms pulse to the CE input after addresses 
and data are stable. Then the programmed data is verified by using Program Verify 
Mode. If the programmed data is not correct, another program pulse of 1ms is applied 
and then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). After correctly programming the selected ad¬ 
dress, the additional program pulse with width equal to that needed for initial 
programming is applied. When programming has been completed, the data in all ad¬ 
dresses should be verified with V(]q«5V. 



TMM24512P/F 


HIGH SPEED PROGRAM MODE FLOW CHART 













TMM24512P/F 


ELECTRIC SIGNATURE MODE 

ElecCrlc signature mode allows to read out a code from TMM24512P/F which Iden¬ 
tifies Its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM24512P/F by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode Is set up when 12V Is applied to address line A9 and the 
rest of address lines Is set to In read operation. Data output In this condi¬ 

tions Is manufacturer code. Device code Is Identified when address AO Is set to VpH* 
These two codes possess an odd parity with the parity bit of MSB (07). 

The follo^ng table shows electric signature of TMM24512P/F. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATURE^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

ViL 

n 

0 

a 

D 

D 

0 

0 

0 

98 

Device Code 

ViH 

D 

n 

B 

B 

D 

B 

B 

B 

15 


Notes: 


A9-12V+0.5V 

Al-'-AS,. AIO'V'AIS, CF, (5F»Vil 

























TIVIIVI24512P/F 


OUTLINE DRAWINGS (TMM24512P) 


28 15 



Note 1. Each lead pitch is 2.5Amm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TIIIIIVI24512P/F 


OUTLINE 


Note: 


DRAWINGS (TMM2A512F) 


28 


15 


nnnnnnnnnnnnnn 


uuuuuyuuuuuuuu 

1 14 


Unit in mm 



Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center 
of each lead that is obtained on the basis of No.l and No.28 leads. 
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TOSHIBA MOS MEMORY PROOUCT 


256K BIT (32K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE MOS 


TC53257P 

TC53257F 


DESCRIPTION 

The TC53257P/F is a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cost, this being suitable for use in program 
memory of microprocessor, and in character gener¬ 
ator. The TC53257P/F using CMOS technology is 
most suitable for low power applications where bat- 

FEATURES 

© Single 5V Power Supply 
o Access Time ; 200ns(Max.) 

© Power Dissipation 
Operating Current : 25mA(Max.) 

Standby Current : 20/iA(Max.) 

© Pin Compatible with 256K EPROM TC57256D 
© Full Static Operation 


tery operation is required. 

The TC53257P/F has one programmable chip 
enable input CE/CE, for device selection and one 
output enable input (OE) for fast memory access and 
output control. 


© Programmable Chip Enable 
o All Inputs and Outputs : TTL Compatible 
© Three State Outputs 
© Package 

Plastic DIP : TC53257P 
Plastic FP : TC53257F 


PIN CONNECTION (TOP VIEW) 


■ BLOCK DIAGRAM 


NC 

A12 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

DO 

D1 

D2 

GND 


C 1 
C 2 
C 3 
C 4 
C 5 
C 6 
C 7 
C 8 
C 9 
C 10 
C 11 
C 12 
C 13 
C 14 


28 

27 3 A14 
26 3 A13 
25 3 A8 
24 3 A9 
23 3 ^11 
22 3 0E 
21 3 MO 
20 3 CE/CE 
19 3 D7 
18 3 D6 
17 3 D5 
16 3 D4 
15 3 D3 


PIN NAMES 


> 

o 

) 

> 

Address Inputs 

Do~D7 

Data Outputs 

NC 

No connection 

CE/CE 

Chip enable input 


Output enable input 

Vdd 

Power supply 

GND 

Ground 


Vdd GND 
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TC53257P 

TC53257F 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNITS 

VoD 

Power Supply Voltage 

-0.5-7.0 

V 

ViN 

Input Voltage 

-0.5-7.0 

V 

VoUT 

Output Voltage 

0-Vdd 

V 

Po 

Power Dissipation 

1.0 0.6* 

W 

Tstg 

Storage Temperature 

-55-150 

C 

Topr 

Operating Temperature 

-40-85 

C 

Tsolder 

Soldering Temperature*Time 

260-10 

'C-sec 


Note ; ♦Plastic FP 


D. C. OPERATING CONDITINS (Ta =-40-85 0 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

VDD-fO.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 


D, C. and OPERATING CHARACTERISTICS (Ta=-40-85 C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

III 

Input Leakage Current 

Q 

O 

> 

1 

> 

O 

II 

z 

> 

- 

±1.0 

aA 

Ilo 

Output Leakage Current 

CE=Vih or OE=Vih 

VouT=OV— Vdd 

- 

±5.0 

aA 

lOH 

Output High Current 

Voh = 2.4V 

-1.0 

- 

mA 

lOL 

Output Low Current 

Vol=0.4V 

3.2 

- 

mA 

Iddsi 

Standby Current 

> 

II 

LU 

U 

I 

> 

, II 
LU 

lu 

- 

2 

mA 

IdDS2 

Standby Current 

CE=Voo-0.2V. CE = 0.2V 

- 

20 

aA 

Iddoi 

Operating Current 

ViH=ViH VIL. tCYCLE=200ns 

- 

40 

mA 

l0D02 

Vin=Vdd— 0.2V,'0.2V. tcYCLE=200ns 

— 

25 

mA 


CAPACitANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

CiN 

Input Capacitance 

f=1MHz, Ta = 25 C 

- 

8 

PF 

COUT 

Output Capacitance 

f=1MHz, Ta = 25 C 

- 

10 

PF 


Note : This parameter is periodically sampled and is not 100% tested. 


F-4 



























































































































TC53257P 

TC53257F 

A. C. CHARACTERJSTrc^^ . ,j (Ta=-40~85'C, Vdd=5V±10%) 



A. C. TEST CONDITIONS 

Output Load : lOOpF + lTTL 

Input Levels : 0.6V, 2.4V 

Timing Measurement Reference Levels 

Input: 0.8V, 2.2V 
Output : 0.8V, 2.2V 

Input Rise and Fall Time : 5ns 

TIMING WAVEFORMS 



OPERATION MODE H : Vih, L: Vil,* : ViHorVn 
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TC53257P 

TC53257F 


OUTLINE DRAWINGS 

• Plastic DIP 




NOTE: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No.1 and No. 28 leads. 


o Plastic FP 



NOTE : Each lead pitch is 1.27mm. 

All leads are located within 0.12mm of their true longitudinal position with respect to No.1 and No.28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 

1 M BIT (128K WORD X 8 BIT) 

CMOS MASK ROM 
SILICON GATE CMOS 

DESCRIPTIUN 

The TC531000AP/AF is a 1,048,576 bits read only memory organized as 131,072 
words by 8 bits with a low bit cost, thus being suitable for use in program memory 
of microprocessor, especially character generator. The TC531000AP/AF using CMOS 
technology is most suitable for low power applications where battery operation are 
required. The TC53100CAP/AF has one chip enable input CE/CE, programmable for device 
selection. 


TC53I000AP 

TC531000AF 


FEATURES 

• Single 5V Pov7er Supply 

• Access Time: 150ns (Max.) 

• Power Dissipation 

Operating Current: 40mA (Max.) 
Stnn.c’hy Current : 20pA (Max.) 


All Inputs and Outputs: TTL Compatible 
Three State Outputs 
Fully Static Operation 
Programmable Chip Enable 
Package Plastic DIP: TC531000AP 
Plastic FP : TC531000AF 


PIN CONNECTION 



A15 C 

1 


28 

□ VpD 

A12 C 

2 


27 

□ A14 

A7 C 

3 


26 

□ A13 

A6 C 

4 


25 

□ A8 

A5 C 

5 


24 

□ A9 

A4 C 

6 

H 

23 

□ All 

A3C 

7 

M 

> 

22 

□ A16 

A2 C 

8 

PU 

21 

□ aio 

AlC 

9 

O 

20 

□ CHXCE 

AO C 

10 

w 

19 

□ D7 

DO C 

11 


18 

□ D6 

Die 

12 


17 

□ D5 

D2C 

13 


16 

□ D4 

QNDC 

14 


15 

□ D3 


PIN NAMES 


AO 'V/ A16 

Address Inputs 

DO D7 

Data Outputs 

CE/CE 

Chip Enable Input 

Vdd 

Power Supply 

GND 

Ground 


BLOCK DIAGRAM 


Vp-p GND DO D1 D2 D3 D4 D5 D6 D7 
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TC531000AP 

TC531000AF 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 '^7.0 

V 

ViN 

Input Voltage 

-0.5 'bVcD 

V 

VqUT 

Output Voltage 

0 'v Vdd 

V 

Pd 

Power Dissipation 

1.0/0.6* 

W 

TsTG 

Storage Temperature 

-55 'V 150 

“c 

topr 

Operating Temperature 

-40 '\,70 

'’C 


Soldering Temperature • Time 

260 • 10 

°G* sec 


Note: * Plastic FP 


D.C. OPERATING CONDITIONS (Ta=-AO %70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 


D.C. and OPERATING CHARACTERISTICS (Ta=-AO 'v-70°C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

VlN=0 ''^VpD 

- 

±1.0 

yA 

ilo 

Output Leakage Current 

^=ViH, Vout=0'^Vdd 

- 

±5.0 

yA 

^OH 

Output High Current 

Voh=2.4V 

-1.0 

- 

mA 

lOL 

Output Low Current 

Vol=0.4V 

2.0 

- 

mA 

Iddsi 

Standby Current 

^=ViH 

- 

2 

mA 

IdDS2 

Standby Current 

CE=Vdd and Vin= 0V (Vpo) 

- 

20 

pA 

Pddoi 

Operating Current 

Vin=Vih/Vil, tcycle=150ns 

- 

50 

mA 

IdD02 

Vin=Vdd/ 0V, tcycle=150ns 

- 

40 


CAPACITANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

CiN 

Input Capacitance 

f=lMHz, Ta=25'’C 

- 

10 

pF 

^OUT 

Output Capacitance 

f=lMHz, Ta=25°C 

- 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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TC531000AP 

TG531000AF 


A.C. CHARACTERISTICS (Vdd=5V±10%, Ta=-AO 'v-70“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tCYC 

Cycle Time 

150 

- 

ns 

^ACC 

Access Time 

- 

150 

ns 


Chip Enable Access Time 

- 

150 

ns 

^CED 

Output Disable Time 

- 

50 

ns 

rt 

O 

Output Hold Time 

0 

- 

ns 


AC TEST CONDITIONS 

• Output Load : 

• Input Levels : 

• Timing Measurement Reference Levels 

Input : 
Output: 

• Input Rise and Fall Time : 

TIMING WAVEFORMS 


tcYC 


AO~A16 ^ 


=- 


—- tACC - 

Cl 




CE/CE ^ 

__ _ 

- 


tcE 


1 


tcED 






_/000( 

^ Valid 1 



Yv 




lOOpF + ITTL 
0.6V, 2.4V 

0.8V, 2.2V 
0.8V, 2.0V 

5ns 


OPERATION MODE 


MODE 

CE(CE) 

AO 'Vie 

Outputs 

Power 

Read 

L(H) 

Valid 

Data Out 

Operating 

Output Deselect 

H(L) 


High-Z 

Standby 


H: Vjji, L: ViL, *: Vjh or Vjl 
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TC531000AP 

TC531000AF 


OUTLINE DRAWINGS 
PIastic DIP 



Note: Each lead pitch is 2.54min. 

All leads are located within 0.25inni of their true longitudinal 
position with respect to No.l and No.28 leads. 

Plastic FP 


28 15 



Note: Each lead pitch is 1.27min. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No.28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 


2M BIT (256K W0RDX8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 


TC532000P 


DESCRIPTION 

The TC532000P is a 2,097, 1 52 bits read only 
memory organized as 262, 144 words by 8 bits with 
a low bit cost thus being suitable for use in program 
memory of microprocessor, especially character 
generator. The TC532000P using CMOS technoloby 
is most suitable for low power applications where 

FEATURES 

• Single 5V Power Supply 

' Access Time: 200ns(Max.) 

• Power Dissipetion 

Operating Current : 30mA(Max.) 

Standby Current : 20uA(Max.) 

PIN CONNECTION 


(TOP VIEW) 



PIN NAMES 


< 

o 

< 

Address inputs 

Do—D? 

Data outputs 

OE 

Output Enable input 

^/CE 

Chip enable input 

N.C. 

No Conuection 

Vdd 

Power supply 

GND 

Ground 


battery operation is required. 

The TC532000P has one programmable chip 
enable input CE/CE_for device selection, and one 
output enable input OE for fast memory access and 
output control. 

The TC532000P is moulded in a 32 pin standard 
plastic package, 0.6 inch in width. 

• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 

• 32pin 600mil width Plastic DIP 

• Fully Static Operation 

• Programmable Chip Enable 

BLOCK DIAGRAM 


Vdd gnd 
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TC532000P 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5-7.0 

V 

ViN 

Input Voltage 

-0.5~Vdd 

V 

VoUT 

Output Voltage 

o 

Q 

> 

o 

V , 

Pd 

' Power Dissipation 

1.0 

W 

Tstg 

Storage Temperature 

-55-150 

•c 

Torr 

Operating Temperature 

-40-85 

•c 

Tsolder 

Soldering Temperature • Time 

260-10 

"C • sec 


Note; ‘Plastic FP 


D.C. OPERATING CONDITIONS (Ta = -40~85 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT. 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 


b.C. and OPERATING CHARACTERISTICS (Ta = -40~85 C, Vdd=5V+10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Q 

a 

> 

1 

O 

II 

z 

> 

- 

±1 .0 

uA 

Ilo 

Output Leakage Cunnent 

CE=Vih or ^=ViH, Vout=OV-Vdd 

- 

±5.0 

uA 

lOH 

Output High Current 

Voh=2.4V 

-1.0 

- 

mA 

loL 

Output Low Current 

Vol=0.4V 

2.0 

- 

mA 

Iddsi 

Standby Current 

^=VlH 

- 

5 

mA 

IdDS2 

Standby Current 

^=Vdd and Vin = OV (Vdd) 

- 

20 

uA 

Iddoi 

Operating Current 

Vin=Vih/Vil, tcvcte = 200ns, louT=OmA 

- 

40 

mA 

IdD02 

Vin=Vdd/OV, tcycie=200ns,louT=0mA 

- 

30 

mA 


CAPACITANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

CiN 

Input Capacitance 

f=1MHz, Ta = 25-C 

- 

8 

PF 

COUT 

Output Capacitance 

f=1MHz, Ta = 25-C 

- 

10 

PF 


Note; This parameter is periodically sampled and is not 100% tested. 
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TC532000P 


A.C. CHARACTERISTICS (Ta = -40~85-C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tCYC 

Cycle Time 

200 

- 

ns 

tACC 

Access Time 

- 

200 

ns 

tCE 

Chip Enable Access Time 

- 

200 

ns 

tOE 

Output Enable Access Time 

- 

70 

ns 

tCED, tOED 

Output Disable Time 

0 

60 

ns 

tOH 

Output Hold Time 

0 

- 

ns 


AC TEST CONDITIONS 

: lOOpF+ITTL 
; 0.6V. 2.4V 

Input 1 0.8V, 2.2V 
Output: 0.8V. 2.0V 
; 5ns 

TIMING WAVEFORMS 


Output Load 
Input Levels 

Timing Measurement Reference Levels 


Input Rise and Fall Time 



OPERATION MODE 


MODE 

CE (CE) 


Ao"Ai7 

Outputs 

Power 

Read 

L(H) 

L 

Valid 

Data out 

Operating 

Standby 

H(L) 

♦ 

♦ 

High-Z 

Standby 

Output Deselect 

L(H) 

H 

* 

High-Z 

Operating 


H; ViH, L: Vil, *: ViHor Vil 


F-13 — 





















































TC532000P 


OUTLINE DRAWINGS 




Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are Implied, and Toshiba 
reserves the right, at any time without notice, to change said circuitry. 

* April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PROOUCT 


4M BIT (512K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 


TG534000P 


DESCRIPTION 

The TC53A000P is a A,19A,30A bits read only memory organized as 524,288 words by 
8 bits with a low bit cost, thus being suitable for use in program memory of micro¬ 
processor, and data memory, especially character generator. The TC534000P using CMOS 
technology is most suitable for low power applications where battery operations are 
required. 

The TC534000P has one programmable chip enable input CE/CE for device selection. 

The TC534000P is moulded in a 32 pin standard plastic package, 0.6 inch in width. 


FEATURES 

• Single 5V Poxjer Supply 

• Access Time: 250ns (Max.) 

• Power Dissipation 

Operating Current: 30mA (Max.) 
Standby Current ; 20viA (Max.) 


• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 

• 32 pin 600 mil width Plastic DIP 

• Fully Static Operation 

• Programmable Chip Enable 


PIN CONNECTION 



PIN NAMES 


AO 'V A18 

Address Inputs 

DO D7 

Data Outputs 

OE 

Output Enable Input 

CE/^ 

Chip Enable Input 

Vdd 

Pox^er Supply 

GND 

Ground 

N.C. 

No Connection 


BLOCK DIAGRAM 


Vdd oi:d 
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TC534000P 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 -^7.0 

V 

ViN 

Input Voltage 

-0.5'^ Vdd 

V 

Vqut 

Output Voltage 

0 Vdd 

V 

Pd 

Power Dissipation 

1.0 

W 

TsTG 

Storage Temperature 

-55 150 

“C 

TqPR 

Operating Temperature 

-AO'^85 

“C 

TsOLDER 

Soldering Temperature • Time 

260 • 10 

“C* sec 


D.C. OPERATING CONDITIONS (Ta=-AO'v-85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

A.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd+0•3 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 


D.C. and OPERATING CHARACTERISTICS (Ta=-AO “v 85°C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

ViN=o 'X/Vdd 

- 

±1.0 

pA 

Ilo 

Output Leakage Current 

^=ViH, Vout=OV'uVdd 

- 


pA 

I OH 

Output High Current 

VoH=2.AV 

-1.0 

- 

BBI 

lOL 

Output Low Current 

VoL=0*^V 

2.0 

- 

mA 

^DDSl 

Standby Current 

CE=Vih 

- 

2 

mA 

IDDS2 

Standby Current 

CE=Vdd and Vin=0V(Vdd) 

- 

20 

pA 

iDDOl 

Operating Current 

Vin=Vih/Vil, tcycle=250ns 

- 

AO 

mA 

IdD02 

'^IN'^^Dd/^V, t(,ycle“250ns 

- 

30 


CAPACITANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

CiN 

Input Capacitance 

f=lM'Hz, Ta=25‘’C 

- 

8 

pF 

COUT 

Output Capacitance 

f=lMHz, Ta=25'’C 

- 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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TC534000P 


A.C. CHARACTERISTICS (Ta=-AO'v. 85“C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tCYC 

Cycle Time 

250 

- 

ns 

^ACC 

Access Time 

- 

250 

tCE 

Chip Enable Access Time 

- 

250 

tOE 

Output Enable Access Time 

- 

100 

tCED 

Output Disable Time 

0 

80 

tOED 

Output Disable Time from OE 

- 

80 

tOH 

Output Hold Time 

20 

- 


AC TEST CONDITIONS 


Output Load 


lOOpF + ITTL 

Input Levels 


0.6V, 2.AV 

Timing Measurement Reference Levels 

Input : 

0.8V, 2.2V 


Output: 

0.8V, 2.0V 

Input Rise and Fall Time 


5ns 


TIMING WAVEFORMS 



OPERATION MODE 


MODE 

CE(CE) 

OE 

AO 18 

Outputs 

Power 

Read 

L(H) 

L 

Valid 

Data Out 

Operating 

Standby 

H(L) 

* 

* 

High-Z 

Standby 

Output Deselect 

L(H) 

H 

A 

High-Z 

Operating 


H: VjH, L: Vjl, *: Vjh or Vjl 
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3.2MrtI. I ,5.0MAX 


TC534000P 


OUTLINE DRAWINGS 


Unit; mm 

32 17 





Note: Each lead pitch is 2.54min. 

All leads are located v.’ithin 0.25ir!m of their true longitudinal 
position with resjiect to Ko.l and No. 32 leads. 


Note: 


Toshiba does not assume any responsibility for use 
described; no circuit patent licenses are implied, 
reserves tlie right, at any time without notice, to 
circuitry. 


of any circuitry 
and Toshiba 
change said 
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